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EXECUTIVE  SUMMARY 


ES1.0  Introduction 

Roy  F.  Weston,  Inc.  (WESTON)  was  retained  by  the  U.S.  Air 
Force  Occupational  and  Environmental  Health  Laboratory 
(OEHL )  under  Contract  No.  F33615-80-D-4006  to  provide  gener¬ 
al  engineering,  hydrogeological  and  analytical  services. 
These  services  were  applied  to  the  Installation  Restoration 
Program  ( IRP )  Phase  II  Stage  1  effort  at  McGuire  Air  Force 
Base  (McGAFB)  under  Task  Order  0020  of  this  contract. 

In  1976  the  Department  of  Defense  (DoD)  devised  a  comprehen¬ 
sive  IRP.  The  purpose  of  the  IRP  is  to  assess  and  control 
migration  of  environmental  contamination  that  may  have  re¬ 
sulted  from  past  operation  of  hazardous  contaminants.  In 
response  to  the  Resource  Conservation  and  Recovery  Act  of 
1976  ( RCRA )  and  in  anticipation  of  the  Comprehensive 

Environmental  Response  Compensation  and  Liability  Act  of 
1980  ( CERCLA  or  "Superf und" ) ,  the  DoD  issued  a  Defense 

Environmental  Quality  Program  Policy  Memorandum  ( DEQPPM ) 
dated  June,  1980  (DEQPPM  80-6),  requiring  identification  of 
past  hazardous  waste  disposal  sites  on  DoD  agency  installa¬ 
tions.  The  U.S.  Air  Force  implemented  DEQPPM  80-6  by  mes¬ 
sage  in  December,  1980.  The  program  was  revised  by  DEQPPM 
81-5  (11  December  1981)  which  reissued  and  amplified  all  pre¬ 
vious  directives  and  memoranda  on  the  IRP.  The  Air  Force 
implemented  DEQPPM  81-5  by  message  on  21  January  1982.  The 
Installation  Restoration  Program  has  been  developed  as  a 
four-phase  program  as  follows: 

Phase  I  -  Problem  Identification/Records  Search 

Phase  II  -  Problem  Confirmation  and  Quantification 

Phase  III  -  Technology  Base  Development 

Phase  IV  -  Corrective  Action 

Only  the  Phase  II  Problem  Confirmation  Stage  1  portion  of 

the  IRP  effort  at  McGuire  Air  Force  Base  was  part  of  this 

Task  Order . 


Scope  of  Work 


McGuire  Air  Force  Base  occupies  3,536  acres  of  land  in  south 
central  New  Jersey,  near  the  community  of  Wrightstown, 
Burlington  County.  Since  the  start  of  operations  in  1937  as 
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a  single  dirt-strip  runway,  activities  at  McGAFB  in  support 
of  operational  missions  have  resulted  in  the  occurrence  on 
the  installation  of  a  number  of  waste  disposal  sites  of  spe¬ 
cial  interest. 

The  field  investigation  under  Task  Order  20  included  nine 
areas  listed  below: 

•  Zone  1:  Landfill  4  (Site  No.  1), 

Landfill  5  (Site  No.  9),  Landfill  6 
(Site  No.  11)  and  the  wastewater  treat¬ 
ment  plant  sludge  disposal  area  (Site 
No.  12). 

•  Site  No.  2,  Landfill  2 

•  Site  No.  3,  Landfill  3 

•  Site  No.  4,  BOMARC  Missile  Site,  JPX 
Discharge  Pit 

•  Site  No.  5,  Pesticide  Wash  Area 

•  Site  No.  6,  DP DO  Storage  Facility 

•  Site  No.  7,  Fire  Training  Area  1 

•  Site  No.  8,  Bulk  Fuel  Storage  Area 

•  Site  No.  14,  Civil  Engineering  Compound 
Drum  Burial  Site. 

Eight  of  these  sites  are  located  on  Figure  ES-1,  Site  4  is 
located  approximately  11  miles  to  the  east  of  the  main  Base. 

The  scope  of  the  investigation  included:  two  soil  borings 
at  Site  No.  5  and  five  soil  borings  at  Site  No.  6  to  recover 
21  soil  samples  for  chemical  analyses;  three  stream  water 
and  sediment  samples  for  chemical  analysis  at  Site  No.  5;  a 
geophysical  survey  of  the  C.  E.  Compound  (Site  No.  14);  and 
drilling  and  construction  of  a  total  of  17  ground-water 
monitoring  wells  at  the  landfill  sites  (Zone  1,  Site  Nos.  2 
and  3)  and  Site  Nos.  4,  7,  8  and  14. 

All  wells  were  surveyed  for  elevation  and  ground-water  sur¬ 
face  maps  were  prepared  for  three  sites.  One  round  of 
ground-water  samples  for  chemical  analyses  was  taken  from 
the  wells.  All  water  quality  and  soil  samples  were  analyzed 
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in  WESTON'S  laboratory  in  accordance  with  USEPA  Standard 
Methods . 


ES 3 . 0  Major  Findings 

Based  on  the  analyses  performed,  levels  of  contamination 
were  found  in  soils  and  ground  water  that  warrant  further 
investigation  and  possible  future  action. 

The  major  potential  ground-water  contaminants  indicated  by 
the  available  data  are  organic  halogens.  Total  Organic 
Halogens  (TOX)  levels  ranged  from  3.7  to  443.9  mg/1  in  the 
15  wells  sampled  (wells  at  the  BOMARC  Site,  Site  No.  4,  were 
not  sampled  for  TOX  analyses).  Four  samples  exceeded  100 
ug/1  and  five  samples  had  concentrations  ranging  from  10  to 
100  ug/1.  Each  landfill  area  (Zone  1,  Landfills  No.  2  and 
No.  3)  had  at  least  one  well  with  TOX  concentrations  exceed¬ 
ing  100  ug/1.  Monitor  Well  12  at  the  Bulk  Fuel  Storage  Area 
(Site  No.  8)  had  a  TOX  concentration  of  81.7  ug/1.  Wells  at 
Fire  Training  Area  No.  1  (Site  No.  7)  had  the  lowest  TOX  lev¬ 
els  -  6.1  and  6.3  ug/1.  USEPA  water  quality  criteria  for 
Human  Health  have  been  published  for  numerous  compounds  fall¬ 
ing  within  the  group  contributing  to  TOX  levels.  Many  of 
these  criteria  are  in  the  range  or  1  ug/1  or  less. 
Recommended  Maximum  Contaminant  Levels  (RMCLs )  were  pub¬ 
lished  recently,  which  also  included  several  of  the  com¬ 
pounds  indicated  by  TOX  data.  Thus,  TOX  concentrations  in 
the  well  samples  from  McGuire  AFB  indicate  a  high  probabil¬ 
ity  that  these  health  criteria  are  exceeded  in  the  case  of 
one  or  more  compounds. 

Oil  and  grease  was  found  in  13  of  the  17  wells  and  at  all  of 
the  sites  at  concentrations  above  the  taste  and  oder  thresh¬ 
old  of  0.01  mg/1.  In  the  remaining  4  samples  oil  and  grease 
was  not  found  at  a  detection  limit  for  this  program  of  0.1 
mg/1 . 

The  pesticide  levels  observed  in  the  subsurface  soil  samples 
at  the  Pesticide  Wash  Area  (Site  No.  5)  are  not  considered 
by  WESTON  to  be  a  factor  of  concern.  The  aqueous 
solubilities  of  these  compounds  are  low  and  the  impact  on 
ground-water  quality  beneath  the  site  should  be  minimal. 
Levels  of  chlordane,  DDT  and  DDE  in  excess  of  1,000  ug/kg  in 
the  stream  sediments,  however,  show  that  some  off-site  migra¬ 
tion  of  contaminated  sediments  has  occurred.  The  relatively 
low  concentrations  of  pesticides  in  the  stream  water  indi¬ 
cates  that  the  contaminants  are  migrating  principally  by  sed¬ 
iment  transport.  The  farthest  downstream  sampling  point 
contained  significant  concentrations  of  pesticide  compounds, 
so  that  it  was  not  determined  how  far  downstream  the  contam- 


inated  sediments  have  been  carried.  The  stream  that  passes 
the  Pesticide  Wash  Area  flows  to  South  Run,  which  exits  the 
installation  to  the  east. 

The  distribution  of  PCB  in  the  soils  analyzed  from  the  DPDO 
Storage  Facility  (Site  No.  6)  indicate  that  PCB  only  occurs 
in  near-surface  samples  (1-2  feet)  and  was  not  found  at 
depth.  PCB  was  found  in  3  of  the  borings  at  very  low  concen¬ 
trations  ranging  from  14  to  30  ug/kg:  TB-3  in  the  drum  stor¬ 
age  area;  and  TB-5  and  TB-7  near  the  buried  tank  location  in 
the  storage  yard,  where  transformers  were  stored  in  the 
past. 

Elevated  oil  and  grease  concentrations  were  found  in  soils 
at  the  DPDO  Storage  Facility  (Site  No.  6)  at  all  depths. 
The  highest  concentrations  were  found  at  depths  of  4-5  feet 
in  the  buried  tank  area  (16,000  -  234,000  mg/kg)  and  1-2 

feet  at  the  drum  storage  area  (132  -  6,360  mg/kg).  While 
the  PCB  in  near  surface  soils  appears  limited  and  probably 
associated  with  past  storage  of  transformers,  the  oil  and 
grease  appears  related  to  surface  drum  storage  and  the  bur¬ 
ied  storage  tank.  It  does  not  appear  that  the  waste  oil 
from  the  buried  storage  tank  contained  PCB. 

The  results  of  the  geophysical  survey  indicate  that  there  is 
a  potential  for  buried  wastes  to  exist  beneath  the  surface 
at  the  Civil  Engineering  Compound. 

ES  4 . 0  Conclusions 

Based  on  the  results  of  the  Phase  II  survey  at  McGAFB,  the 
following  conclusions  have  been  drawn: 

1.  Ground  water  directly  beneath  McGuire 
AFB  and  the  BOMARC  Missile  Site  occurs 
under  unconfined  or  water  table  condi¬ 
tions  with  the  water  table  occurring  be¬ 
tween  1  and  25  feet  below  ground 
surface.  Sediments  encountered  during 
the  drilling  consisted  of  interbedded 
fine  to  medium  sands,  silts  and  clays 
of  the  Kirkwood  and  Cohansey 
Formations . 

2.  Regional  ground  water  flow  in  the 

Cohansey  and  Kirkwood  Formations  is  gen¬ 
erally  down  formational  dip  to  the 
southeast.  However,  most  of  the  flow 
in  the  upper  aquifer,  where  the  monitor¬ 
ing  wells  are  screened,  is  lateral  to- 
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ward  local  streams  where  discharge 
occurs . 

3.  The  fate  of  contaminants  infiltrating 

from  the  landfills  to  the  water  table 
is  to  move  laterally  toward  the  streams 
where  discharge  occurs.  Based  upon  an 
estimate  of  soil  permeability,  the  rate 
of  lateral  ground-water  flow 

(seepage  velocity)  was  calculated  to  be 
approximately  one  foot  per  day.  Given 
the  ages  of  the  landfills  and  their 
proximity  to  surface  streams,  combined 
with  the  ground-water  seepage  velocity, 
it  is  apparent  that  ground-water 
contaminant  plumes,  as  observed  in  the 
well  water  quality  analyses,  have 
already  reached  the  surface  water 
discharge  areas. 

4.  The  most  immediate  potential  for  migra¬ 

tion  of  contaminants  off-Base  is  from 
the  landfill-generated  contaminants 
reaching  North  and  South  Runs  through 
the  ground  water.  These  streams  both 
leave  Base  property  a  short  distance 
from  where  they  pass  the  landfills, 
with  Landfill  No.  2  situated  less  than 
one-half  mile  from  the  North  Run  exit 
point,  and  Landfills  No.  4,  5  and  6 

(Zone  1)  are  less  than  500  feet  from 
the  South  Run  exit  point  of  the  Base. 

5.  Total  Organic  Halogens  (TOX)  were  found 

in  concentrations  in  excess  of  200  ug/1 
in  at  least  one  well  at  each  of  the 

three  landfill  sites.  TOX 

concentrations  were  18.1  and  81.7  ug/1 
in  the  Bulk  Fuel  Storage  Area  (Site  No. 
8)  wells,  and  were  6.1  and  6.3  ug/1  in 

Fire  Training  Area  No.  1  (Site  No.  7) 

wells.  These  results  indicate  the 
possible  presence  of  elevated  levels  of 
one  or  more  specific  volatile  organic 
priority  pollutants  in  the  ground  water 
at  these  sites. 

6.  Concentrations  of  oil  and  grease  in  ex¬ 

cess  of  the  taste  and  odor  threshold 
were  found  at  all  but  4  wells  and  at 

all  sites  where  ground  water  was 
monitored. 
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7.  Concentrations  of  five  pesticide  com¬ 
pounds  were  found  in  soils  at  the 
Pesticide  Wash  Area  {Site  No.  5).  The 
migration  of  pesticides  vertically 
into  the  subsoil  appears  slight. 
However,  levels  of  DDT,  DDE  and 
chlordane  in  excess  of  1,000  ug/kg 
were  found  in  the  stream  sediments 
downstream  of  the  site.  This 
indicates  that  off-site  migration  of 
pesticides  is  occurring  by  surface 
sediment  transport.  Pesticide 

concentrations  in  surface  waters  were 
in  excess  of  1  ug/1  in  only  one  stream 
sample  (SW-2).  Because  of  low 
solubilities,  the  compounds  are 
remaining  adsorbed  in  the  sediments. 
The  stream  flowing  past  the  Pesticide 
Wash  Area  is  not  close  to  a  Base 
boundary,  although  the  extent  of  the 
pesticide  occurrence  in  sediments 
further  down  stream  is  not  known. 


8.  Soil  boring  samples  at  three  depth  in- 

Btervals  from  the  DPDO  Storage  Facility 

(Site  No.  8)  were  analyzed  for  oil  and 
grease  and  PCB.  PCB  was  found  in  the 
drum  storage  area  and  buried  tank  area 
in  the  1-2  foot  depth  samples  from 
three  borings:  TB-3,  TB-5,  and  TB-7. 

PCB  was  detected  in  concentrations  of 
^  14-30  ug/kg,  well  below  the  USEPA  ac- 

-y  tion  level  of  50  mg/kg. 


9.  The  results  of  the  geophysical  investi¬ 
gation  of  the  Civil  Engineering 

Compound,  combined  with  the  examination 
of  historical  aerial  photos,  show  that 
areas  exist  at  the  site  that  have  been 
disturbed  in  the  past.  Magnetic  anom¬ 
alies  associated  with  these  areas  indi¬ 
cate  that  buried  drums  or  other 

metallic  scrap  may  be  present. 


10.  Based  on  the  limited  analyses  complet- 
■“</  ed,  the  ground  water  quality  at  Fire 

Training  Area  No.  1  (Site  No.  7)appears 
less  degraded  than  the  other  sites  Sam¬ 
i'*-*  pled.  TOX  concentrations  were  among 

w~  the  lowest  of  wells  tested.  Since  the 
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site  has  not  been  in  use  since  the 
1950's,  the  data  indicate  that  any  con¬ 
taminants  which  may  have  been  at  the 
site  in  the  past  have  been  flushed  out 
of  the  site  to  a  great  extent. 

ES  5 . 0  Recommendations 

Based  upon  the  Phase  II  Confirmation  Study  conducted  at 
McGuire  Air  Force  Base,  the  following  recommendat ions  are 
made  by  site: 


Zone 


-  Recommendations 


The  following  additional  work  is  recommended  for  the  Zone  1 
Area  (Landfills  4,  5,  6  and  the  Sludge  Disposal  Area). 

1.  An  additional  round  of  samples  should  be  tak¬ 
en  from  existing  wells  MW-1  through  MW-5  to 
verify  the  results  obtained  from  the  first 
sampling  round.  Samples  from  all  five  wells 
should  also  be  analyzed  for  USEPA  Priority 
Pollutant  volatile  organic  compounds  and 
landfill  leachate  indicator  parameters  such 
as  nitrates,  iron,  ammonia-nitrogen  and  bo¬ 
ron.  In  addition,  samples  from  MW-3  should 
be  analyzed  for  USEPA  Priority  Pollutant 
acid  and  base/neutral  compounds  and  pesti- 
cide/PCB  compounds.  Three  surLace  water 
samples  should  be  taken  along  South  Run  up¬ 
stream  of  Zone  1,  downstream  of  the  small 
tributary  passing  by  MW-3  and  downstream  of 
the  waste  treatment  plant.  These  samples 
should  be  analyzed  for  the  same  parameters 
as  the  5  well  samples. 

2.  A  Ground  Penetrating  Radar  survey  should  be 
performed  on  Landfill  No.  4  to  determine 
boundaries,  depth,  and  possible  buried  bar¬ 
rel  nests.  The  investigation  should  be  fol¬ 
lowed  by  10  soil  borings  in  Landfill  4  to 
confirm  depth  of  fill  and  depth  to  water. 

3.  If  the  results  of  the  above  analyses  are  pos¬ 
itive,  at  least  eight  additional  groundwater 
monitoring  wells  should  be  drilled  in  the 
Zone  1  area,  including  three  wells  at  the 
locations  of  borings  in  Landfill  4  and  two 
upgradient  wells,  one  each  above  Landfills  4 
and  5 . 
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4.  The  new  and  existing  wells  should  be  sampled 
for  key  parameters  identified  in  the  previ¬ 
ous  sampling  of  the  existing  wells.  In  addi¬ 
tion,  samples  from  South  Run  should  be  taken 
at  locations  upstream,  opposite  the  land¬ 
fills  and  where  the  stream  crosses  the  in¬ 
stallation  boundary  and  analyzed  for  a 
similar  suite  of  key  parameters. 

ES 5 . 2  Site  No.  2,  Landfill  2  -  Recommendations 

The  following  additional  work  is  recommended  for  Landfill  2: 

1.  The  existing  wells  at  the  site  should  be  re¬ 
sampled  to  verify  the  results  of  the  first 
water  quality  analyses.  All  samples  should 
also  be  analyzed  for  USEPA  Priority 
Pollutant  volatile  organic  compounds. 

2.  Production  Well  A,  located  adjacent  to  the 
barrel  storage  area,  should  be  sampled  for 
the  same  suite  of  parameters  as  above. 

3.  In  addition  to  the  above  parameters,  MW-7 

should  be  sampled  for  USEPA  Priority 

Pollutant  acid  compounds,  base/neutral  com¬ 
pounds  and  pesticide/PCB  compounds. 

4.  A  Ground  Penetrating  Radar  (GPR)  survey 

should  be  conducted  on  the  landfill  to 

assess  depths  to  the  base  of  fill  and  the  lo¬ 
cation  of  possible  barrels.  Six  soil 
borings  should  be  completed  subsequently  to 
calibrate  the  GPR  results  and  confirm  the 
depth  of  fill  and  the  location  oF  the  water 
table . 

5.  Three  additional  monitoring  wells  should  be 
installed  to  the  east  oc  the  landfiLl  to  de¬ 
fine  potential  groundwater  flow  in  that  di¬ 
rection.  One  well  should  be  adjacent  to 
Production  Well  "A"  and  the  DPDO  barrel  stor¬ 
age  area. 

6.  All  wells  should  be  sampled  for  specific 
contaminants  based  on  the  results  of  the 
previous  sampling  round.  The  list  of 
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analytes  should  also  include  landfill 
leachate  parameters  such  as  nitrates,  iron, 
ammonia-nitrogen  and  boron. 

7.  Water  quality  samples  should  also  be  collect¬ 
ed  along  North  Run  upstream  from  the  land¬ 
fill,  downstream,  and  opposite  the  landfill, 
and  analyzed  for  the  suite  of  analytes  iden¬ 
tified  above. 

ES5.3  Site  No.  3,  Landfill  3  -  Recommendations 

WESTON  makes  the  following  recommendations  for  further  inves 
tigation  at  Landfill  3: 

1.  Resample  existing  wells  to  verify  the  first 
round  of  analyses,  plus  analyze  all  samples 
for  USEPA  Priority  Pollutant  volatile  organ¬ 
ic  compounds.  In  addition,  MW-9  should  be 
sampled  for  (JSEPA  Priority  Pollutant  acid 
compounds,  base/neutral  compounds  and  pesti- 
cide/PCB  compounds . 

2.  Three  additional  monitoring  wells  should  be 
installed  between  the  landfill  and  the  Base 
boundary . 

3.  All  wells  should  be  sampled  for  those  key 
parameters  indicated  in  the  previous  round 
of  sampling,  plus  nitrate,  ammonia-nitrogen, 
iron,  and  boron. 

4.  Three  surface  water  samples  should  be  taken 
along  North  Run;  upstream,  opposite  the  land¬ 
fill,  and  downstream.  These  samples  should 
be  analyzed  for  the  same  parameters  as  the 
wells. 

ES5.4  Site  No.  4,  BOMARC  Missile  Site  -  Recommendations 

WESTON  makes  the  following  recommendations  for  further  inves 
tigation  at  the  BOMARC  Missile  Site: 

1.  Resample  existing  wells  to  verify  the  first 
round  of  analyses,  plus  analyze  the  samples 
for  USEPA  Priority  Pollutant  volatile  organ¬ 
ic  compounds  and  xylene. 
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ES 5 . 5  Pesticide  Wash  Area  -  Recommendations 

Contamination  of  stream  bed  sediments  is  the  principal  prob¬ 
lem  in  the  Pesticide  Wash  Area.  WESTON,  therefore,  recom¬ 
mends  that  the  following  sampling  be  completed  to  determine 
the  extent  of  this  contamination: 

1.  Sediment  and  grab  samples  should  be  taken  at 
three  locations  downstream  of  SS-3  and  up¬ 
stream  of  the  culvert  entrance,  at  three  man¬ 
hole  locations  along  the  storm  drain  system, 
and  at  one  location  upstream  of  the  pesti¬ 
cide  wash  area.  All  samples  should  be  an¬ 
alyzed  for  pesticides. 

2.  Two-foot  core  samples  should  be  taken  at  lo¬ 
cations  SS-1,  SS-2  and  SS-3  to  obtain  sam¬ 
ples  at  depth.  Each  core  should  be  divided 
into  two  depth  increments  and  analyzed  for 
pesticides  to  determine  the  depth  of  the  con¬ 
taminated  sediment. 

ES 5 . 6  Site  No.  6,  DPDO  Storage  Area  -  Recommendations 

WESTON  recommends  that  the  following  work  be  completed  at 
the  DPDO  site  to  determine  the  extent  of  soil  and  ground- 
water  contamination  at  the  DPDO  Storage  Area. 

1.  Surface  soil  samples  should  be  taken  at 
twelve  locations  around  the  drum  storage  and 
buried  tank  areas.  Three  composite  samples 
should  be  analyzed  for  PCB  with  the  remain¬ 
ing  portion  of  the  samples  stored  for  possi¬ 
ble  future  analysis. 

2.  A  monitoring  well  should  also  be  installed 
between  the  buried  tank  area  and  North  Run. 

This  well  should  be  sampled  for  oil  and 
grease,  volatile  organic  compounds  and  xy¬ 
lene.  The  monitoring  well  recommended  in 
Section  6.1.2,  to  be  located  near  production 
Well  "A",  will  also  monitor  the  barrel  stor¬ 
age  area. 

ES 5 . 7  Site  No.  7,  Fire  Training  Area  -  Recommendations 

WESTON  does  not  consider  Fire  Training  Area  1  to  be  a  high 
priority  site  at  this  time,  and  recommends  only  that  MW-14 
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and  MW-15  be  resampled  to  verify  the  original  analytical  re¬ 
sults.  Samples  should  also  be  analyzed  for  USER  A  Priority 
Pollutant  volatile  organic  compounds  and  xylene. 


ES5.8  Site No .  8  , 

Recommendations 


Bulk 


Fuel 


Storage _ Area 


WESTON  recommends  that  the  following  work  be  done  at  the 
Bulk  Fuel  Storage  Area: 

1.  A  second  round  of  well  samples  should  be  an¬ 
alyzed  to  confirm  initial  results.  Samples 
should  also  be  analyzed  for  USEPA  Priority 
Pollutant  volatile  organic  compounds  plus 
xylene . 

2.  Approximately  twenty  soil  borings  should  be 
completed  around  the  Bulk  Fuel  Storage  Area. 
Temporary  PVC  well  points  should  be  in¬ 
stalled  and  a  groundwater  elevation  survey 
completed.  Samples  from  the  well  points  can 
be  visually  examined  for  floating  fuel 
products . 


3.  Based  on  the  information  gathered  from  the 
temporary  well  points,  up  to  six  permanent 
groundwater  monitoring  wells  should  be  in¬ 
stalled  in  critical  locations  around  the 
bulk  fuel  storage  area  including  one 
upgradient,  background  location. 

4.  All  wells  at  the  site  should  be  sampled  for 
oil  and  grease,  lead,  USEPA  Priority 
Pollutant  volatile  organic  compounds,  and 
xylene . 

ES5.9  Site  No.  14,  Civil  Engineering _ Compound _ - 

Recommendations 

Based  on  the  results  of  the  geophysical  survey  and  the  exam¬ 
ination  of  historical  photographs,  WESTON  recommends  that  a 
subsurface  investigation  be  conducted  at  the  Civil 
Engineering  Compound  to  confirm  whether  hazardous  materials 
are  buried  at  the  site.  WESTON  recommends: 


Backhoe  test  pits  should  be  completed  at 
those  locations  identified  as  potential  buri¬ 
al  sites  by  the  geophysical  survey.  The 
work  should  be  conducted  while  observing 
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strict  safety  procedures,  including  personal 
body  and  respiratory  protection.  Air 
quality  should  be  monitored  with  an  organic 
vapor  detector,  and  soil  samples  should  be 
obtained  in  areas  where  physical  appearance 
or  detected  vapors  indicate  contamination. 

This  excavation  activity  is  to  be  for  the 
confirmation  of  whether  barrels  or  contam¬ 
inated  soils  are  present.  If  barrels  are 
encountered,  they  will  not  be  disturbed  or 
sampled.  Only  suspected  contaminated  soils 
will  be  sampled.  All  procedures  for  this  in¬ 
vestigation  will  be  reviewed  prior  to  the 
work  with  appropriate  State  and  Federal  reg¬ 
ulatory  agencies. 

2.  Selected  soil  samples  should  be  analyzed  for 
USEPA  Priority  Pollutant  organic  compounds 
and  metals. 

3.  If  the  results  of  the  chemical  analyses  of 
the  soils  is  positive,  four  groundwater  mon¬ 
itoring  wells  should  be  placed  around  the 
burial  site;  one  well  upgradient  and  three 
wells  downgradient .  Groundwater  samples 
should  be  obtained  from  these  wells  and  an¬ 
alyzed  for  key  compounds  indicated  by  the 
soils  analyses  to  determine  the  impact  of 
the  waste  on  groundwater  quality. 
Appropriate  response  for  remedial  action 
should  also  be  developed. 

ES6.0  SUMMARY  OF  RECOMMENDATIONS 

The  recommendations  which  have  been  made  as  a  result  of  this 
Stage  1  Study  at  McGuire  Air  Force  Base  are  summarized  in 
Table  ES-1 . 
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TABLE  ES-1:  SUMMARY  OF  RECOMMENDATIONS 


Expanded  suite  of  analytes  and  Priority  characterization  of  contaminant 
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SECTION  I 


INTRODUCTION 


1.1  INSTALLATION  RESTORATION  PROGRAM 

In  1976  the  Department  of  Defense  (DoD)  devised  a  comprehen¬ 
sive  Installation  Restoration  Program  ( IRP ) .  The  purpose  of 
the  IRP  is  to  assess  and  control  migration  of  environmental 
contamination  that  may  have  resulted  from  past  operations 
and  disposal  practices  on  DoD  facilities,  and  probable  migra¬ 
tion  of  hazardous  contaminants.  In  response  to  the  Resource 
Conservation  and  Recovery  Act  of  1976  ( RCRA )  and  in  anticipa¬ 
tion  of  the  Comprehensive  Environmental  Response  Compensa¬ 
tion  and  Liability  Act  of  1980  ( CERCLA ,  or  "Super fund” ) ,  the 
DoD  issued  a  Defense  Environmental  Quality  Program  Policy 
Memorandum  (DEQPPM)  dated  June,  1980  (DEQPPM  80-6),  requir¬ 
ing  identification  of  past  hazardous  waste  disposal  sites 

DoD  agency  installations.  The  U.S.  Air  Force  implemented 
DEQPPM  80-6  by  message  in  December,  1980.  The  program  was 
revised  by  DEQPPM  81-5  (11  December  1981)  which  reissued  and 
amplified  all  previous  directives  and  memoranda  on  the  IRP. 
The  Air  Force  implemented  DEQPPM  81-5  by  message  on  21 

January  1982.  The  Installation  Restoration  Program  has  been 
developed  as  a  four-phase  program  as  follows: 

Phase  I  -  Problem  Identification/Records  Search 

Phase  II  -  Problem  Confirmation  and  Quantification 

Phase  III  -  Technology  Base  Development 

Phase  IV  -  Corrective  Action 

Only  the  Phase  II  Problem  Confirmation  Stage  1  portion  of 
the  IRP  effort  at  McGuire  Air  Force  Base  was  included  in  the 
effort  described  in  this  Report.  Definitions  of  the  terms 
and  acronyms  used  in  this  report  are  in  Appendix  A. 

1.2  PROGRAM  HISTORY  AT  MCGUIRE  AIR  FORCE  BASE 

Roy  F.  Weston,  Inc.  (WESTON)  has  been  retained  by  the  United 
States  Air  Force  Occupational  and  Environmental  Health  Labor¬ 
atory  (OEHL )  under  Contract  Number  F33615-80-D-4006 ,  to 
provide  general  engineering,  hydrogeological  and  analytical 
services.  The  Phase  I,  Problem  Identification/Records 
Search  for  McGuire  Air  Force  Base  ( McGAFB )  was  accomplished 
by  Engineering  Science  Inc.  (ESI)  in  August  1982,  and  their 
Final  Report  was  dated  November  1982.  In  response  to  the 
findings  contained  in  the  ESI  Phase  I  Final  Report,  the  OEHL 
issued  Task  Order  0014  to  WESTON,  directing  that  a 
pre-survey  site  inspection  be  conducted  at  McGAFB.  The 
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purpose  or  this  pre-survey  was  to  obtain  sufficient 
information  to  develop  a  work  scope  and  cost  estimate  for 
the  conduct  of  a  Phase  II,  Stage  1  study  at  McGAFB. 

The  Pre-Survey  report  for  McGAFB  was  submitted  by  WESTON  in 
April  1983.  Following  modi f ica tions  in  the  scope  of  work. 
Task  Order  0020,  dated  28  July  1983,  was  issued,  which  autho¬ 
rized  a  Phase  II  Stage  1  Study  for  9  sites  at  McGAFB.  A 
copy  of  the  formal  Task  Order  authorizing  this  work  is 
included  here  as  Appendix  B. 

On  20  September  1983  WESTON  met  with  representatives  of  the 
Bioenvironmental  and  Civil  Engineering  Departments  of 
McGuire  Air  Force  Base,  and  the  drilling  subcontractor. 
Empire  Soils  Investigations,  Inc.,  to  review  the  goals  of 
the  investigation,  review  drilling  procedures  and  locations, 
and  to  establish  the  field  schedule.  Soil  borings  and  mon¬ 
itoring  well  construction  commenced  on  3  October  1983  and 
were  completed  by  25  October.  Groundwater  and  surface  sed¬ 
iment  sampling  was  completed  during  the  weeks  of  28  November 
1983. 

1.3  BASE  PROFILE 


McGuire  Air  Force  Base  (McGAFB)  occupies  3,536  acres  of  land 
located  in  south  central  New  Jersey,  approximately  18  miles 
southwest  of  the  City  of  Trenton.  Figure  1-1  presents  an  in¬ 
dex  map  showing  the  location  of  McGuire  Air  Force  Base.  The 
northern  border  of  McGAFB  is  the  community  of  Wrightstown, 
Burlington  County,  while  the  eastern,  southern  and  western 
borders  are  occupied  by  the  U.S.  Army  Fort  Dix  installation. 
The  base  is  in  a  rural  area  of  the  New  Jersey  Pine  Barrens, 
with  most  adjacent  lands  being  either  vacant  or  wooded,  or 
being  used  for  agricultural  or  military  purposes.  The  area 
of  McGAFB  is  under  the  management  of  the  New  Jersey 
Pinelands  Commission. 

McGAFB  began  in  1937  as  a  single  dirt-strip  runway  with  a 
few  maintenance  and  administrative  buildings.  The  airfield, 
called  Rudd  Field  at  the  time,  was  developed  as  an  adjunct 
to  the  U.S.  Army  Training  Center,  Fort  Dix,  and  was  operated 
by  the  Army  Air  Corps.  During  the  period  1940  through  1942, 
the  U.S.  Army  Air  Corps,  under  Command  Headquarters  located 
at  New  Castle  Air  Base,  Delaware,  made  extensive  improve¬ 
ments  to  the  Fort  Dix  Airfield,  including  expanded  aircraft 
pavements  and  landing  strips  to  meet  World  War  II  transition¬ 
al  training  requirements.  The  airfield  remained  under  Army 
control  until  1948. 
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In  1948,  the  Fort  Dix  Airfield  and  all  existing  facilities 
were  transferred  to  the  U.S.  Air  Force,  and  the  installation 
was  officially  designated  McGuire  Air  Force  Base.  The  in¬ 
stallation  was  assigned  to  the  Strategic  Air  Command  (SAC) 
until  September  1949,  when  it  was  transferred  to  the  Conti¬ 
nental  Air  Command  (CAC).  In  1952  a  major  program  of  devel¬ 
opment  was  initiated  to  provide  a  port  of  aerial  embarkation 
for  Atlantic  Division,  Military  Air  Transport  Services 
(MATS  ) . 

In  July  1954,  the  Base  was  officially  assigned  to  the  Mili¬ 
tary  Air  Transport  Service  with  Air  Defense  Command  (ADC) 
and  the  New  Jersey  Air  National  Guard  ( N JANG )  as  major  ten¬ 
ant  organizations.  The  NJANG  consolidated  its  activities  on 
the  west  side  of  the  Base  supported  by  a  Major  Construction 
Program  (MCP).  Subsequently,  SAC  and  CAC  tenant  units  were 
assigned  to  McGAFB.  In  January  1966,  the  Military  Air 
Transport  Service  became  the  Military  Airlift  Command  (MAC) 
with  headquarters  at  Scott  AFB,  IL.  Eastern  Transport  Air 
Force  became  the  21st  Air  Force  with  headquarters  at  McGAFB, 
and  the  1611th  Air  Transport  Wing  became  the  438th  Military 
Airlift  Wing  (MAW).  The  SAC  Tanker  Squadron  left  McGAFB  in 
1965  and  its  facilities  were  occupied  by  the  170th  Air 
Transport  Group  NJANG. 
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The  present  host  organization  at  McGAFB  is  the  438th  MAW, 
whose  primary  mission  is  to  provide  quick  reacting,  concen¬ 
trated,  massive  airlift  capabilities  for  emplacement  of 
Department  of  Defense  forces  into  combat  situations  in  a 
fighting  posture,  and  then  to  furnish  materials  support  to 
those  forces.  The  Wing  is  also  responsible  for  operating 
McGAFB  and  for  providing  adequate  support  to  a  large  number 
of  tenant  units. 

Past  Air  Force  activities  at  McGAFB  in  support  of  operation¬ 
al  missions  have  resulted  in  the  occurrence  on  the  Base  of 
several  waste  disposal  sites  of  potential  concern.  Each  of 
these  sites  was  rated  by  ESI  during  Phase  I  activities  in 
accordance  with  the  IRP  Hazard  Assessment  Rating  Method 
(HARM).  The  results  of  these  ratings  are  summarized  in 
Table  1-1  (from  the  ESI  report).  Figure  1-2  shows  the  loca¬ 
tions  of  all  sites  at  McGAFB  receiving  HARM  score  rankings. 
Figure  1-3  shows  sites  receiving  HARM  score  rankings  at  the 
BOMARC  Missile  Site.  Based  upon  these  ratings  and  all  other 
pertinent  data,  ESI  recommended  that  Phase  II  activities  con- 
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TABLE  l-l 


PRIORITY  RANKING  OF  POTENTIAL  CONTAMINATION  SOURCES 
MCGUIRE  AFB  (FROM  PHASE  I  REPORT) 


Rank  Site  Name 


1  Landfill  No.  4 

2  Landfill  No.  2 

3  Landfill  No.  3 

4  McGuire  Missile  Site 

JP-X  Discharge  Pit 

5  Pesticide  Wash  Area 

6  DPDO  Storage  Facility 

7  Fire  Protection  Training 

Area  No.  1 

8  Bulk  Fuel  Storage  Tank 

9  Landfill  No.  5 

10  Fire  Protection  Training 

Area  No.  2 

11  Landfill  No.  6 

11  WWTP  Sludge  Disposal  Areas 

11  McGuire  Missile  Site  - 

Transformer  Locations 

14  Buried  Oil  Drums 

15  Fire  Protection  Training 

Area  No.  3 

16  NDI  Shop  -  Drain  Field 

17  McGuire  Missile  Site 

Accident  Area 

18  McGuire  Missile  Site 

Mogas  Storage  Tanks 

19  McGuire  Missile  Site 

BOMARC  Launcher 
Hydraulic  Systems 

20  McGuire  Missile  Site 
Neutralized  Acid  Pit 

PCB  Spill  Site 


Date  of  Operation 

or  Occurence 

HARM  SCO1 

1958-1973 

73 

1950-1956 

66 

1956-1957 

65 

1958-1972 

59 

1974-Present 

58 

1960-1979 

56 

Late  1940 ' s-1958 

54 

1963-1970 

53 

1970-1973 

52 

1958-1968 

51 

1973-1976 

50 

1953-present 

50 

1958-presen  t 

50 

Early  1950's 

49 

1973-1976,  1982 

48 

1960  's-1972 

47 

1960 

46 

1958-present 

45 

1958-present 

39 

1958-1972 

37 

21 


1982 
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FIGURE  1-2  LOCATION  OF  ALL  POTENTIAL  SOURCES  OF  CONTAMINATION  AT 

Mcguire  afb  receiving  phase  i  harm  score  rankings 
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centrate  on  the  sites  numbered  1  through  8,  and  Site  14,  in 
Table  1-1. 

From  the  Phase  IX  Pre-Survey  Report  nine  areas  were  identi¬ 
fied  to  require  confirmatory  investigations.  One  of  these 
areas  includes  four  adjacent  landfills  which  are  treated  in 
the  Phase  II  investigation  as  one  site.  The  following  list¬ 
ed  sites,  illustrated  in  Figure  1-4,  comprise  the  sites  eval¬ 
uated  during  the  Phase  II  Stage  1  Study: 

•  Zone  1,  Landfill  4  (Site  No.  1),  Landfill  5  (Site 
No.  9),  and  Landfill  6  (Site  No.  11),  and  (Site  No. 
12  )  the  Wastewater  Treatment  Plant  Sludge  Disposal 
Area . 

•  Site  2,  Landfill  2. 

•  Site  3,  Landfill  3. 

•  Site  4,  BOMARC  Missile  Site,  JPX  Discharge  Pit. 

•  Site  5,  Pesticide  Wash  Area. 

•  Site  6,  DP DO  Storage  Facility. 

•  Site  7,  Fire  Training  Area  No.  1. 

•  Site  8,  Bulk  Fuel  Storage  Area. 

•  Site  14,  Civil  Engineering  Compound  Drum  Burial 
Site . 

The  following  text  provides  a  brief  history  and  description 
of  each  site. 

1.3.1  History  and  Description  of  Zone  1 


The  disposal  sites  comprising  Zone  1  lie  to  the  east  of 
Primary  Runway  24  near  the  Base  wastewater  treatment  plant, 
as  shown  on  Figure  1-4.  Figure  1-5  depicts  the  Zone  1  land¬ 
fills  which  border  the  installation  boundary  to  the  east 
along  Browns  Mills  Road.  The  zone  is  dissected  and  drained 
by  South  Run  Creek,  which  flows  southeasterly  off  the  instal¬ 
lation  boundary  after  receiving  the  McGAFB  wastewater  treat¬ 
ment  plant  discharge  immediately  north  of  Browns  Mills  Road. 
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1.3. 1.1  Site  No.  1,  Landfill  No.  4 

Landfill  No.  4  is  a  long,  irregularly  T-shaped  18-acre  site 
located  to  the  south  of  South  Run,  as  shown  in  Figure  1-5. 
Disposal  operations  began  in  this  area  about  1958  and  contin¬ 
ued  to  the  early  1970's.  Fill  operations  began  in  the  south¬ 
ernmost  section  of  the  landfill  (now  a  portion  of  the  EOD 
training  area),  then  expanded  to  the  west  toward  the  main 
runway.  By  1968,  the  section  west  of  the  wastewater  treat¬ 
ment  plant  was  actively  used  for  landfilling.  The  landfill 
was  operated  primarily  in  a  trench  and  fill  manner. 
Reportedly,  trenches  were  approximately  15  feet  deep  and  ex¬ 
tended  into  the  water  table,  which  occurs  less  than  5  feet 
from  the  surface.  No  burning  occurred  in  this  landfill. 
Wastes  which  were  cited  as  being  disposed  within  this  area 
included  general  refuse,  coal  ash  and  miscellaneous  industri¬ 
al  chemicals,  some  in  55  gallon  drums.  A  few  empty  55 
gallon  drums  were  observed  in  a  drainage  swale  which 
partially  incises  a  portion  of  the  landfill.  The  site  has 
been  closed;  however,  furrows  in  the  land  are  still  evident 
indicating  the  location  and  orientation  of  the  trenches. 
The  site  has  been  covered  with  a  sandy  soil  supporting  local 
grasses.  During  wet  periods  leachate  has  emerged  along  the 
northern  side  of  the  landfill  bordering  the  access  road. 
Iron  staining  is  evident  next  to  and  on  the  road  surface. 

1.3. 1.2  Site  No.  9,  Landfill  No.  5 

Landfill  No.  5  was  operated  from  about  1970  to  1973,  simulta¬ 
neously  with  the  latter  phase  of  Landfill  No.  4  activity. 
The  approximately  three  acre  landfill  comprised  a  long 
narrow  parcel  located  between  the  access  road  and  the  bank 
of  South  Run  Creek  (Figure  1-5).  This  landfill  was  primar¬ 
ily  used  for  the  disposal  of  coal  ash,  wood  and  metal 
wastes;  however,  it  was  indicated  by  landfill  personnel  that 
waste  chemical  compounds  occasionally  may  have  been  disposed 
of  in  this  landfill.  Waste  materials  were  routinely  burned 
to  reduce  volume.  The  site  has  been  covered  with  sandy  soil 
and  presently  supports  grass  and  shrub  vegetation.  The  land¬ 
fill  surface  is  soft  and  uneven.  The  toe  of  the  landfill 
drops  steeply  to  within  a  few  feet  of  South  Run  which  lies 
about  15  feet  below  the  surface  of  the  landfill. 

1.3. 1.3  Site  No.  11,  Landfill  No.  6 

Landf.,'1  No.  6  was  the  most  recent  landfill  operated  at 
McGuire  AFB.  Operation  of  the  landfill  occurred  between 
1973  and  1976.  The  landfill  covers  approximately  4.5  acres 
situated  on  the  north  side  of  South  Run  along  the  eastern 


boundary  of  the  Base  (Figure  1-5).  Landfill  operations  in¬ 
volved  trench  and  fill  techniques.  The  depth  of  the  trench¬ 
es  was  estimated  at  fifteen  feet  and  was  described  to  have 
extended  into  the  water  table.  The  landfill  was  primarily 
used  to  dispose  of  general  refuse  generated  on  the  Base. 
Standard  sanitary  landfill  practices  were  employed,  and  no 
burning  was  permitted.  During  the  period  when  Landfill  No.  6 
was  active,  there  were  several  programs  established  to  col¬ 
lect  and  dispose  of  hazardous  industrial  chemicals. 
Therefore,  there  is  little  likelihood  that  significant  quan¬ 
tities  of  industrial  chemicals  were  disposed  of  in  this  land¬ 
fill.  The  area  was  used  from  1976  to  1981  as  a  Civil 
Engineering  storage  area  for  various  types  of  equipment  and 
materials.  At  the  time  of  the  Phase  I  site  visit  in  August 
1982,  a  project  was  underway  to  add  additional  cover  to  the 
landfill.  The  site  is  now  level  with  a  significant  amount 
of  exposed  soil  and  only  sparse  vegetation  along  its 
fringes.  Extensive  erosion  gullies  are  forming  along  the 
southern  end  of  the  site. 

1 . 3 . 1 . 4  Site  No.  12,  Sewage  Treatment  Plant  Sludge 
Disposal  Area 

Sludge  from  the  wastewater  treatment  plant  is  anaerobically 
digested  then  dewatered  in  sludge  drying  beds.  Between  1970 
and  1980,  a  sludge  disposal  area  located  to  the  northwest  of 
the  sludge  drying  beds  was  used  to  dispose  of  excess  sludge 
(Figure  1-5).  In  1981,  a  portion  of  the  sludge  disposal 
area  was  closed  and  the  sludge  was  hauled  to  the  Fort  Dix 
landfill.  A  large  mound  of  sludge  still  remains  in  the 
area,  and  is  presently  covered  with  dense  vegetation. 

1.3.2  History  and  Description  of  Site  No.  2,  Landfill  2 


As  shown  on  Figure  1-4,  Landfill  2  is  located  at  the  north¬ 
west  boundary  of  the  installation  between  Wrightstown  Road 
and  North  Run.  The  site,  shown  in  detail  on  Figure  1-6,  co¬ 
vers  approximately  11  acres  of  land  that  lies  on  the  north 
side  of  the  Base.  The  DPDO  area  is  adjacent  to,  and  may  par¬ 
tially  cover  Landfill  2.  The  landfill  was  open  from  around 
1950  to  1956,  during  which  time  all  wastes  generated  at  the 
installation  were  disposed  of  at  the  landfill.  Disposal  pro¬ 
cedures  included  trench  and  fill  methods  with  burning  to  re¬ 
duce  volume.  Trenches  were  reportedly  dug  to  the  water 
table,  were  20  feet  wide,  300  feet  long  and  oriented  north- 
south.  Wastes  disposed  of  in  Landfill  2  may  have  included 
waste  oil  and  industrial  chemicals,  according  to  the  Phase  I 
repor  t . 
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FIGURE  1-6  GENERAL  SITE  MAP  OF  LANDFILL  2  AND 
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In  early  1975,  in  response  to  an  EPA  inspection  report,  the 
area  was  regraded  and  surface  debris  was  removed  or  buried. 
The  landfill  presently  has  a  cover  of  sandy  soil  overgrown 
with  native  grasses.  The  landfill  toe  abuts  the  stream  and 
its  narrow  floodplain.  The  landfill  rises  steeply  from  the 
floodplain  to  a  height  of  about  25  feet  above  the  surface  of 
the  creek.  Tension  cracks  in  the  landfill  behind  the  toe 
slope  give  evidence  of  slope  instability. 

1.3.3  History  and  Description  of  Site  No.  3,  Landfill  3 

Landfill  3  is  located  as  shown  on  Figure  1-4  along  the  north¬ 
ern  installation  border  to  the  north  of  the  installation's 
main  gate  and  North  Run.  The  site  covers  about  4  acres  adja¬ 
cent  to  a  Base  trailer  park  (Figure  1-7)  and  is  presently  bi¬ 
sected  by  the  Defense  Access  Highway  which  was  installed 
across  the  landfill.  Landfill  3  was  operated  between  1956 
and  1957  and  received  general  Base  refuse  as  well  as  miscel¬ 
laneous  industrial  wastes  of  unknown  character  or  quantity. 
Wastes  were  reportedly  buried  in  excavations  made  to  the  wa¬ 
ter  table  approximately  10  feet  below  land  surface.  Some  of 
the  waste  was  probably  removed  during  construction  of  the 
highway  subbase.  The  area  covers  both  sides  of  the  roadway 
and  is  covered  with  sandy  soil  vegetated  with  native  grass 
and  small  tree  cover. 

1.3.4  History  of  Site  No.  4,  BOMARC  Missile  Site, 

JP-X  Discharge  Pit 

The  McGuire  Missile  Site  (BOMARC)  is  located  on  the  Fort  Dix 
Military  Reservation  approximately  11  miles  to  the  east  of 
McGAFB  on  the  east  side  of  New  Jersey  Route  539.  The  site, 
shown  on  Figure  1-3,  was  constructed  in  the  mid  1950's  and 
is  on  Fort  Dix  property  that  has  been  leased  to  McGAFB.  It 
was  the  operational  site  of  the  46th  Air  Defense  Missile 
Squadron  ( ADMS )  and  initially  housed  56  liquid  fueled  BOMARC 
missiles.  In  the  early  1960 's  the  launch  area  was  expanded 
and  launchers  for  28  solid  fuel  BOMARC  missiles  were  added 
to  the  northern  end  of  the  launch  area.  In  the  early  1970 's 
the  missiles  became  obsolete  and  the  site  was  deactivated  in 
1972. 

Facilities  associated  with  the  missile  fueling  and  defueling 
activities  included  fuel  storage,  spill  control  and  decontam¬ 
ination  facilities  for  the  two  fuel  components  used  for  the 
liquid  fueled  missiles.  These  fuel  components  were  nitric 
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acid  and  JP-X  (60%  JP-4  and  40%  hydrazine).  Nitric  acid  was 
stored  in  four  tanks  located  in  a  below-ground  sump  adjacent 
to  Building  25.  JP-X  was  stored  in  six  below-ground  tanks 
adjacent  to  Building  24.  Sumps  to  collect  spilled  fuels 
were  provided  at  the  fuel  transfer  stations  adjacent  to  each 
building.  Acid  fuel  spills  were  directed  to  the  acid  neu¬ 
tralizer,  a  concrete  basin  containing  lime-rock.  The  ef¬ 
fluent  from  the  acid  was  pumped  to  the  neutralized  acid  pit, 
a  brick-lined,  3-foot  diameter  well  which  extended  at  least 
20  feet  below  grade.  The  base  of  the  well  was  open  and  al¬ 
lowed  for  the  percolation  of  liquid  wastes  entering  the  pit. 
The  JP-X  fuel  spills  were  directed  to  a  similarly  construc¬ 
ted  pit  located  near  Building  24  and  also  allowed  to  perco¬ 
late  into  the  ground. 

Fueling  and  defueling  the  missiles  normally  occurred  in  con¬ 
junction  with  most  missile  maintenance  activities.  Prior  to 
servicing,  a  missile  would  be  defueled  in  the  launch  area  us¬ 
ing  a  fueling  vehicle.  The  fuel  was  then  hauled  to  the  fuel¬ 
ing  facilities  and  unloaded  into  the  storage  tanks.  The 
missile  was  then  hooked  to  the  fueling  facilities  and  the 
fuel  residues  were  rinsed  out  of  the  missile  using  hot  water 
for  the  acid  tanks  and  a  soap  solution  for  the  JP-X  tanks. 
These  rinse  solutions  were  flushed  to  the  respective  waste 
sumps . 

1.3.5  History  and  Description  of  Site  No.  5,  Pesticide 
Wash  Area 

Since  1974,  the  Entomology  Shop  had  been  located  in  Building 
3450,  in  the  area  shown  on  Figure  1-4,  when  new  procedures 
were  implemented  for  rinsing  spray  equipment  and  empty  pesti¬ 
cide  containers.  Some  rinse  waters  were  saved  for  reuse  as 
makeup  water  and  some  were  allowed  to  drain  into  the  san¬ 
itary  sewer  system.  Triple  rinsing  procedures  for  empty  pes¬ 
ticide  containers  began  in  the  late  1970's.  The  containers 
were  then  punctured  and  disposed  of  with  general  refuse.  It 
has  been  estimated  that  approximately  30  to  35  drums  and  100 
cans  per  year  have  been  disposed  of  by  the  shop.  The  larger 
truck-mounted  spray  equipment  has  been  rinsed  on  the  drive¬ 
way  adjacent  to  Building  3450.  The  driveway  is  situated  on 
a  rise  which  drains  toward  a  small  surface  drainage  ditch 
(See  Figure  1-8). 

In  March  of  1982,  the  New  Jersey  Bureau  of  Pesticide  Control 
conducted  an  inspection  to  evaluate  the  pesticide  program  at 
McGAFB.  During  the  site  visit,  three  soil  samples  were  col - 


1-16 


5H 


1-17 
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lected  from  areas  that  received  runoff  from  the  equipment 
cleaning  operation.  The  samples  were  collected  from  a  gras¬ 
sy  area  located  at  the  bottom  of  the  driveway,  the  bank  of 
the  drainage  ditch  adjacent  to  Building  3450  and  the  sed¬ 
iments  within  the  drainage  ditch.  The  analytical  results 
showed  the  presence  of  low  to  moderate  levels  (up  to  19  ppm) 
of  pesticides  with  long  residual  periods.  The  data  indicat¬ 
ed  moderate  levels  of  DDT-related  products  in  the  sediment 
samples  collected  from  within  the  ditch.  All  of  the  samples 
showed  the  presence  of  chlordane.  The  samples  collected 
from  the  bottom  of  the  driveway  and  the  bank  of  the  drainage 
ditch  also  contained  low  levels  of  dieldrin.  Since  1974, 
most  pesticides  used  on  the  base  have  been  stored  in  a  sep¬ 
arate  room  within  Building  3450. 


1.3.6  History  and  Description  of  Site  No. 


Storage  Facility 


DP  DO 


The  Defense  Property  Disposal  Office  is  located  north  of 
Wrightstown  Road,  adjacent  to  Landfill  2  as  shown  in  Figure 
1-4.  The  site,  shown  on  large  scale  on  Figure  1-6,  consists 
of  a  fenced  area  of  approximately  four  acres  containing  stor¬ 
age  and  administrative  buildings  and  a  storage  yard.  Out¬ 
side  the  northwest  corner  of  the  site  is  an  abandoned  earth 
ramp  truck  loading  dock.  To  the  west  of  the  DPDO  area  is 
the  installation's  production  well  "A."  The  DPDO  has  ar¬ 
ranged  for  the  disposal  of  used  petroleum  products,  out-of¬ 
service  transformers,  and  most  hazardous  wastes  for  both 
McGAFB  and  Fort  Dix. 

Prior  to  disposal,  waste  materials  have  been  held  at  or  adja¬ 
cent  to  the  DPDO  area.  The  used  petroleum  products  disposed 
of  through  DPDO  have  included  used  oils,  fuels,  hydraulic 
fluid  and  spent  solvents.  Until  1979  these  products  were 
collected  and  held  at  DPDO  prior  to  contractor  disposal. 
Storage  was  either  in  a  10,000-gallon  underground  holding 
tank  within  the  DPDO  area  or  in  barrels  in  a  separate  stor¬ 
age  area  behind  the  loading  dock  (Figure  1-6).  This  area  is 
northwest  of  the  DPDO  yard  above  closed  Landfill  No.  2.  In 
1975  the  barrel  storage  area  was  relocated  inside  the  DPDO 
storage  yard  (fence  area).  Use  of  the  holding  tank  was  ter¬ 
minated  in  1979,  and  since  that  time  used  oils  generated  at 
McGAFB  have  been  primarily  stored  in  a  25,000-gallon  under¬ 
ground  tank  near  Building  1736  (Tank  B-7).  Several  smaller 
used  oil  storage  tanks  located  throughout  the  base  have  also 
been  utilized. 
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Out-of-service  transformers  were  temporarily  held  prior  to 
disposal  in  the  DPDO  area  until  1978.  Approximately  30  to 
40  transformers  were  stored  at  DPDO  and  reportedly  there  was 
leakage  from  these  transformers.  In  1978,  out-of-service 
transformer  storage  was  relocated  to  the  CE  service  yard  lo¬ 
cated  behind  Building  3411.  Since  1981,  the  PCB  transform¬ 
ers  have  been  stored  in  the  hazardous  waste  storage  area, 
Facility  2310. 


1.3.7  History  and  Description  of  Site  No. 


Training  Area  1 


Fire 


The  Fire  Department  has  operated  three  fire  training  areas 
since  the  activation  of  McGAFB.  From  the  late  1940’s  until 
1958,  the  Fire  Department  conducted  fire  protection  training 
exercises  at  Fire  Training  Area  1  located  within  the  runway 
triangle  northwest  of  the  hazardous  cargo  parking  pads 
(Figure  1-4). 

The  site  is  located  within  a  small  topographic  depression. 
Close  examination  of  the  area  detected  discolored  charred 
soils  with  pods  of  fuel  residues  scattered  on  the  surface. 
Grasses  now  cover  the  entire  site.  During  the  period  the 
site  was  in  use,  various  types  of  combustible  waste  chem¬ 
icals  generated  at  the  Base  were  burned  during  training  exer¬ 
cises.  The  combustible  materials  included  waste  oils,  waste 
Avgas  and  jet  fuel,  hydraulic  fluid,  spent  solvents  and  alco¬ 
hols.  The  combustible  waste  materials  were  brought  to  the 
area  in  55  gallon  drums  and  stacked  temporarily  until  the 
contents  of  the  drums  could  be  burned.  The  burn  area  did  not 
have  a  liner  system  nor  was  there  any  pre-application  of 
water  to  retard  the  percolation  of  the  waste  chemicals  into 
the  soil.  The  extinguishing  agents  used  during  that  period 
included  C02,  protein  foam  and  water. 

Aerial  photographs  available  for  the  site  from  1952  and  1962 
show  a  circular  area  marking  the  fire  training  area's  burn¬ 
ing  pad,  as  shown  in  Figure  1-9.  The  1962  photograph  also 
shows  one  large  and  several  smaller  dark-stained  areas  that 
are  probably  associated  with  the  temporary  storage  of  combus¬ 
tible  waste  chemicals.  The  ground  surface  at  the  fire  train¬ 
ing  area  slopes  gently  to  the  south  toward  a  small  stream 
which  is  a  tributary  to  South  Run  Creek. 
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The  Bulk  Fuel  Storage  Area,  the  general  location  of  which  is 
y-\  shown  on  Figure  1-4,  consists  of  eight  above-ground  storage 

tanks  located  to  the  north  of  the  runway  triangle  and  south 
of  South  Run  Creek.  Figure  1-10  is  a  map  of  Site  No.  8 

—  showing  the  site  layout.  The  petroleum,  oil  and  lubricants 
(POL)  tanks  have  been  in  service  since  1963.  The  tanks  in 
this  area  are  surrounded  by  asphalt  covered  earthen  dikes. 
The  tanks  were  initially  used  to  store  Avgas,  JP-4  and  fuel 
oil.  Subsequently,  the  Avgas  storage  was  phased  out  and 

—  additional  storage  allocated  to  JP-4. 
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Fuel  storage  tanks  are  cleaned  about  every  three  years.  In 
past  years  fuel  sludges  accumulating  on  the  bottoms  of  the 
storage  tanks  were  buried  within  the  fuel  tank  dikes.  Holes 
were  dug  in  the  floor  of  the  diked  areas  and  up  to  2,000  gal¬ 
lons  of  fuel  sludge  were  disposed  of  within  these  pits.  No 
preliminary  weathering  was  accomplished  prior  to  disposal. 
Since  1970,  the  sludge  has  been  weathered  and  temporarily 
stored  in  the  waste  fuels  storage  tank  prior  to  contract  re¬ 
moval,  arranged  by  DPDO. 
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History  and  Description  to  Site  No.  14,  Civil 
Engineering  Compound  Drum  Waste  Burial  Site 


The  Civil  Engineering  Compound  is  located  to  the  north  of 
the  runway  triangle  adjacent  to  the  Civil  Engineering 
Building,  as  shown  on  Figure  1-4.  The  area  is  fenced  and 
covers  approximately  2  acres.  As  shown  in  Figure  1-8  the 
area  now  contains  several  buildings,  is  asphalt  paved  and 
serves  as  a  storage  area  for  equipment  and  vehicles. 


A  dr ummed-waste  burial  area  is  suspected  to  exist  under  the 
paved  lot  of  the  Civil  Engineering  compound.  Around  1950, 
approximately  fifty  55-gallon  drums  containing  heavy  waste 
oils  were  reported  by  an  equipment  operator  to  have  been  bur¬ 
ied  about  6  feet  below  the  surface.  It  is  not  known  if 
these  drums  were  later  removed  or  if  they  are  still  present. 


Aerial  photographs  taken  in  1951  show  that  the  basic  site 
boundaries  were  established  but  without  the  present  build¬ 
ings.  In  1951,  the  site  was  clearly  being  used  for  materi¬ 
als  storage  and  some  excavation  was  going  on  as  evidenced  by 
surface  scars  and  what  may  be  a  mound  of  soil  and  a  pit. 


FIGURE  1-10  GENERAL  SITE  MAP  OF  THE  BULK  FUEL  STORAGE  AREA 
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1.4  CONTAMINATION  PROFILE 


Historically,  most  of  the  wastes  containing  hazardous  sub¬ 
stances  have  been  generated  by  industrial  aircraft  mainten¬ 
ance  or  overhaul  missions.  Waste  oils  and  solvents  from 
cleaning  and  painting  operations  are  the  primary  wastes  of 
concern.  Fuel  sludges  from  storage  tanks  or  tank  cleaning 
operations  also  were  generated  in  the  past  and  pose  a  con¬ 
cern.  Much  of  the  combustible  wastes  have  either  been 
burned  in  fire  training  exercises  or  disposed  of  through 
DPDO . 

Prior  to  1973  however,  quantities  of  industrial  chemicals 
were  probably  disposed  of  in  installation  Landfills  2,  3  and 
4.  In  addition,  chemicals  were  allowed  in  the  past  to  enter 
the  soils  by  storage  and  burning  practices  at  Fire  Training 
Area  1,  equipment  washing  at  the  Pesticide  Wash  Area,  and 
leaking  storage  containers  at  the  DPDO  area.  Disposal  of 
sludge  from  the  waste  water  treatment  plant  in  an  unlined 
landfill  may  also  contribute  to  the  introduction  of  contam¬ 
inants  to  surface  and  groundwater. 

Based  on  the  McGAFB  Phase  I  Records  Search  the  key  chemical 
parameters  of  potential  concern  are:  volatile  organic  com¬ 
pounds  ( VOA ) ,  PCB ,  pesticides,  oils  and  greases  and  select 
metals.  To  develop  an  initial  determination  of  whether  or 
not  past  operational  and  disposal  practices  have  adversely 
impacted  the  environment,  soils,  and  groundwater  and  surface 
water  in  and  around  the  four  sites  were  sampled  and  analyzed 
for  the  parameters  listed  in  Table  1-2.  The  details  of  the 
field  work  accomplished  are  described  in  Section  3  of  this 
report. 

1.5  PROJECT  TEAM 

The  Phase  II  Confirmation  Study  at  McGAFB  was  conducted  by 
staff  personnel  of  Roy  F.  Weston,  Inc.  and  was  managed 
through  WESTON's  home  office  in  West  Chester,  Pennsylvania. 
The  following  personnel  served  lead  functions  in  this  pro¬ 
ject  : 

MR.  PETER  J.  MARKS,  PROGRAM  MANAGER:  Corporate  Vice  Presi¬ 
dent  and  Manager  of  Laboratory  Services,  Master  of  Science 
(M.S.)  in  Environmental  Science,  18  years  of  experience  in 
laboratory  analysis  and  applied  environmental  sciences. 

MR.  FREDERICK  BOPP,  III,  PH.D.,  P.G.  PROJECT  MANAGER:  Doc¬ 
tor  of  Philosophy  ( Ph. D. )  in  Geology  and  Geochemistry,  Regis- 
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TABLE  1-2  ANALYTICAL  PROTOCOL 
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tered  Professional  Geologist  (P.G.),  over  8  years  of  ex 
perience  in  hydrogeology  and  applied  geological  sciences. 

MR.  RICHARD  C.  JOHNSON,  PROJECT  GEOLOGIST:  Master  of  Art 

(M.A. )  in  Geological  Sciences,  seven  years  experience  in  geo 
technical  engineering  and  hydrogeology. 

MR.  WALTER  M.  LEIS,  P.G.,  GEOTECHNICAL  QUALITY  ASSURANCE  OF 


FICER:  Corporate  Vice  President  and  Manager  of  the  Geo¬ 
sciences  Department,  M.S.  in  Geological  Sciences,  Registered 
Professional  Geologist,  over  10  years  of  experience  in  hydro¬ 
geology  and  applied  geological  services. 

MR.  JAMES  S.  SMITH,  PH.D.,  LABORATORY  QUALITY  ASSURANCE  OF¬ 


FICER^  Ph.D.  in  Chemistry,  over  16  years  of  experience  in 
laboratory  analysis. 

MR.  THEODORE  F.  THEM,  PH.D.,  PROJECT  CHEMIST:  Ph.D.  in  An¬ 
alytical  Chemistry,  over  10  years  of  experience  in  labora¬ 
tory  analysis. 

Professional  profiles  of  these  key  personnel,  as  well  as  oth¬ 
er  project  personnel  are  contained  in  Appendix  C. 


1.5.1 


Subcontractinc 


The  drilling  and  well  installation  work  of  this  project  was 
performed  by  Empire  Soils  Investigations,  Inc.  of  Edison, 
New  Jersey.  The  well  elevation  survey  was  completed  by 
Richard  A.  Alaimo  Associates,  Consulting  Engineers  of  Mt. 
Holly,  New  Jersey,  and  licensed  New  Jersey  surveyors. 

1.6  FACTORS  OF  CONCERN 

Several  factors  of  concern  should  be  highlighted  at  the  out¬ 
set  of  this  Confirmation  Study  Report  which  the  reader 
should  consider  in  the  review  of  the  following  sections: 

•  McGuire  AFB  o/erlies  permeable  unconsolidated  sed¬ 

iments  of  the  Cohansey  and  Kirkwood  formations  which 
form  a  water  table  aquifer  in  the  area.  Although 

most  domestic  and  industrial  water  is  presently  de¬ 
rived  from  the  deeper  confined  Rar it3n-Magothy  aqui¬ 
fer,  the  shallow  unconfined  aquifer  is  high  yielding 
and  of  good  quality.  This  water  resource  could  be 

exploited  in  the  future.  Of  more  immediate  concern 
is  the  fact  that  the  water  table  aquifer  provides 
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base-flow  recharge  to  local  streams  in  the  McGAFB 
area.  Since  several  streams  flow  through  McGuire 
AFB,  contaminants  reaching  the  groundwater  table  at 
the  Base  could  reach  surface  waters  and,  thereby, 
migrate  off-site  in  a  relatively  short  time. 

Most  of  the  sites  included  in  this  investigation  are 
located  close  to  surface  streams  which  eventually 
drain  off-base.  All  of  the  landfills  are  located  ad¬ 
jacent  to  major  streams  and  near  Base  boundaries, 
thus  limiting  the  available  buffer  zones  and  increas¬ 
ing  the  potential  for  dispersion  off-base. 


SECTION  2 


ENVIRONMENTAL  SETTING 


2.1  GEOGRAPHY 

McGuire  Air  Force  Base  is  located  along  the  southern  bound¬ 
ary  of  the  inner  coastal  plain  section  of  the  Atlantic 
Coastal  Plain  Physiographic  Province.  This  physiographic  di¬ 
vision,  characterized  by  low  dissected  hills  and  broad  sandy 
plains,  occurs  in  a  narrow  belt  some  ten  to  twenty  miles 
wide  and  extends  northeasterly  along  the  southern  Delaware 
Valley  to  the  Raritan  Bay.  The  major  topographic  features 
of  the  inner  coastal  plain  include  nearly  level  plains,  gent¬ 
ly  rolling  uplands,  extensive  surficial  dissection,  mature 
streams  and  swampy  areas.  The  topography  at  McGAFB  ranges 
from  generally  level  to  gently  rolling  in  appearance.  Local 
relief  is  primarily  the  result  of  dissection  by  erosional 
activity  or  stream  channel  development.  Surface  elevations 
at  McGAFB  range  from  a  low  of  80  feet  above  mean  sea  level 
(MSL )  along  the  South  Run  stream  channel  to  144  feet  MSL  at 
the  southwest  Base  boundary.  The  north  portion  of  the  Base 
drains  to  the  North  and  South  Runs  of  Crosswicks  Creek.  The 
south  and  east  sections  of  the  Base  drain  to  Bowker's  Run, 
Jack's  Run  and  Larkin's  Run,  all  of  which  are  tributaries  of 
Rancocas  Creek.  Figure  2-1  depicts  the  major  urainage 
patterns  at  McGAFB.  Locally,  drainage  is  predominately  to 
the  southeast  or  northeast. 


2.2  SITE  GEOLOGY 

Geologic  units  rang 
have  been  identifi 
units  are  typically 
gravel,  sand,  silt 
rials,  reposing  on 
basement  complex, 
erly  dipping  wedge 
ual  geologic  units 
an  average  unit  dip 


ing  in  age  from  Cretaceous  to  Quaternary 
ed  in  the  New  Jersey  Coastal  Plain.  These 
unconsolidated  materials  consisting  of 
,  clay,  glauconite,  marl  and  organic  mate- 
a  Pre-Cambian/Lower  Paleozoic  crystalline 
Coastal  Plain  sediments  form  a  southeast¬ 
thickening  to  the  southeast,  with  individ- 
tending  to  thicken  downdip  and  possessing 
ranging  from  10  to  45  feet  per  mile. 


The  geology  of  McGAFB  is  dominated  by  interbedded  continen¬ 
tal  and  nearshore  marine  sands  and  clays  of  the  Cohansey 
(Tch),  Kirkwood  (Tkw)  and  Vincentown  (Tvt)  Formations.  The 
surficial  geology  of  McGAFB  is  illustrated  on  Figure  2-2. 
The  Kirkwood  and  Vincentown  stratigraphic  units  reach  a 
combined  maximum  thickness  of  approximately  50  feet  in  the 
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FIGURE  2-1  PRINCIPAL  DRAINAGE  PATTERNS  AT  McGUIRE  AFB 
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general  area  of  McGAFB.  The  Cohansey  forms  a  thin  veneer 
over  much  of  the  Base,  which  is  in  hydraulic  connection  with 
the  underlying  Kirkwood  Formation.  The  Cohansey,  Kirkwood 
and  Vincentown  Formations  are  of  hydr ogeologic  interest 
because  they  occur  at  or  near  ground  surface  in  the 
vicinity  of  McGAFB.  These  hydrogeologic  units  are, 
generally,  permeable  and  relatively  thin.  The  Cohansey 
consists  of  coarse  to  medium  sands  which  overlie  the  fine  to 
medium  sands  and  clay  interbeds  of  the  Kirkwood  Formation. 

2. 3  HYDROGEOLOGY 

Ground  water  occurs  at  shallow  depths  (CIO  feet)  in  the  shal¬ 
low  units  under  water  table  (unconfined)  conditions. 
Artesian  or  semi-artesian  conditions  may  occur  locally.  The 
Cohansey  and  Kirkwood  are  hydraulically  connected  locally. 
The  Vincentown  contains  water  in  localized  water-bearing 
beds  that  may  yield  small  to  moderate  quantities  of  water  to 
wells  screened  within  them. 

Recharge  of  the  Cohansey  and  Kirkwood  Formations  occurs  pri¬ 
marily  by  direct  precipitation  in  the  outcrop  area.  Most  of 
the  land  area  of  McGAFB  is  situated  in  the  Cohansey-Kirkwood 
recharge  zone.  Once  water  enters  the  hydraulic  regime,  it 
flows  under  water  table  conditions  toward  zones  of  decreas¬ 
ing  hydraulic  head.  The  shallow  water  table  system  possess¬ 
es  fairly  short  flow  paths.  Under  normal  climatic 
conditions  and  typical  hydraulic  gradients,  the  flow  rate  in 
the  shallow  water  table  is  estimated  to  be  on  the  order  of 
four  feet  per  day.  Water  detention  time  for  the 
Cohansey-Kirkwood  is  not  expected  to  exceed  five  years.  It 
has  been  estimated  that  85  percent  of  the  precipitation 
which  infiltrates  to  the  surficial  aquifer  system  follows 
the  shallow  flow  path  and  is  discharged  to  a  surface  water 
body  as  base  flow  (N.J.  Pinelands  Commission,  1980). 

The  Potomac-Rar itan-Magothy  (Kmr)  aquifer  system  of  Lower 
Cretaceous  Age  underlies  the  previously  described  tertiary 
deposits  at  depth.  The  Kmr  is  regional  in  extent  and  is  the 
primary  source  for  potable  water  supplies  in  the  Base  area. 
This  unit  occurs  at  an  approximate  elevation  of  -450  feet 
(MSL ) ,  and  is  about  550  feet  thick  under  McGAFB.  The  Kmr  re¬ 
poses  on  crystalline  basement  rock;  its  upper  limit  is  ac¬ 
cepted  to  be  the  Late  Cretaceous  Merchantville  Formation  and 
the  Woodbury  Clay.  It  thickens  to  over  2,000  feet  in  a  down 
dip  direction.  A  generalized  section  of  the  formations  of 
the  New  Jersey  Coastal  Plain  is  illustrated  in  Figure  2- 
3. 
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2 . 4  ENVIRONMENTAL  RESOURCES 

McGAFB  derives  its  water  from  four  deep  wells,  all  presum¬ 
ably  screened  into  the  deep  Kmr  aquifer  system.  The  loca¬ 
tions  of  these  wells  are  shown  on  Figure  2-4.  Two  shallow 
inactive  wells  are  present  at  the  McGuire  BOMARC  Missile 
•Site.  These  wells  are  reported  to  be  small  diameter  (six 
inch)  and  are  apparently  screened  into  the  Kirkwood 
Formation.  The  adjacent  Borough  of  Wrightstown  obtains  its 
municipal  water  supplies  from  deep  wells  screened  into  the 
Kmr  aquifer  system.  Due  to  groundwater  withdrawals  from 
this  aquifer,  not  necessarily  related  to  withdrawals  at 
McGAFB,  the  piezometric  surface  is  over  150  feet  below  land 
surface . 

The  presence  of  extensive  confining  formations  (the 
Merchantville  and  Woodbury  Formations)  overlying  the  Kmr  sys¬ 
tem,  reduce  the  probability  of  the  Kmr  aquifer  becoming  con¬ 
taminated  by  Base  activities.  The  aquifers  of  greatest 
concern  at  McGAFB  are  the  Cohansey  Sand  (Tch)  and  underlying 
and  hydraulically  interconnected  Kirkwood  Formation  (Tkw) . 
While,  locally,  these  shallow  aquifers  are  not  currently 
widely  used  for  water  supply,  their  combined  potential  is  im¬ 
mense,  and  waters  from  these  aquifers  are  under  on-going  con¬ 
sideration  as  supplementary  supplies  for  the  Philadelphia 
and  New  York  metropolitan  areas. 
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The  nearby  community  of  Cookstown  and  other  area  public  wa¬ 
ter  supplies  typically  derive  their  water  from  deep  wells 
penetrating  the  Kmr.  Rural  residents  generally  rely  on  the 
shallow  water  resources  derived  from  overlying  formations. 

McGuire  AFB  is  located  in  the  northeast  corner  of  a  large 
tract  of  land  classified  as  the  New  Jersey  Pinelands  Area, 
designated  as  such  by  the  New  Jersey  Pinelands  Protection 
Act.  The  Pinelands  Area  was  designated  as  the  country's 
first  Natural  Reserve.  The  Reserve  concept  has  as  its  prima¬ 
ry  goal  the  management  of  the  lands  by  innovative  means,  com¬ 
bining  the  capabilities  and  resources  of  the  local,  State 
and  Federal  governments  and  the  private  sector.  The  main  em¬ 
phasis  in  the  New  Jersey  Pinelands  Comprahens i /e  Management 
Plan  has  been  the  development  of  programs  to  safeguard  the 
Pinelands'  resources  while  the  land  remains  in  the  care  of 
the  local  people  and  governmental  agencies  (Phase  I,  IRP). 


ft: 
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FIELD  PROGRAM 


3.1  PROGRAM  DEVELOPMENT 

Task  Order  0020  (Appendix  B)  was  issued  on  the  basis  of  the 
Phase  II  Pre-Survey  Report.  All  sites  recommended  for  Con¬ 
firmation  Stage  Work  in  the  Phase  I  Report  (ESI)  were,  in 
fact,  addressed  in  the  Phase  II  program  with  modifications 
incorporated  from  the  Phase  II  Pre-Survey  Report. 

The  following  text  discusses  the  approved  field  investiga¬ 
tion  for  all  nine  areas  considered  in  this  Phase  II  Problem 
Confirmation  Stage  1  Study  Report. 

3.1.1  Zone  1 

By  design  of  the  Phase  II  Work  Plan  developed  by  WESTON, 
Zone  I  included  the  following  individual  sites: 


o 

Site  No.  1,  Landfill  No.  4 

o 

Site  No.  9,  Landfill  No.  5 

o 

Site  No.  11,  Landfill  No.  6 

o 

Site  No.  12,  Wastewater 

Sludge  Disposal  Area 

Treatment 

Plant 

The  WESTON  Phase  II  Pre-Survey  Report  recommended  that 
groundwater  monitoring  wells  be  located  around  all  the  sites 
in  Zone  1  to  detect  the  overall  impact,  if  any,  of  the  dis¬ 
posal  areas  on  groundwater  quality.  Since  the  sites  includ¬ 
ed  in  Zone  1  are  close  to  one  another  and  overlie  the 
shallow  water-cable  aquifer  which  discharges  to  North  Run, 
the  monitoring  of  groundwater  flow  and  contaminant  migration 
was  approached  on  a  general  area  scale.  The  final  approved 
Scope  of  Work  included  the  installation  of  five  groundwater 
monitoring  wells  located  downgradient  and  between  the  sites 
and  South  Run.  These  wells  would  be  screened  in  the  upper 
portions  of  the  shallow  unconfined  aquifer  and  intercept  any 
contaminants  migrating  towards  the  stream.  A  groundwater 
and  surface  water  elevation  survey  would  be  completed  to  de¬ 
fine  groundwater  flow  directions  and  gradients  and  relation¬ 
ships  between  ground  and  surface  waters.  A  single  round  of 


groundwater  samples  would  be  taken  from  the  wells  for  anal¬ 
ysis  of  the  parameters  shown  in  Table  1-2. 

3.1.2  Site  No.  2,  Landfill  2 


The  WESTON  Phase  II  Pre-Survey  Report  recommended  that 
groundwater  monitoring  wells  be  located  around  Landfill  #2 
to  monitor  the  impact  of  that  disposal  site  on  groundwater 
quality.  The  approved  Scope  of  Work  included  the  installa¬ 
tion  of  three  groundwater  monitoring  wells  to  be  located 
between  Landfill  2  and  South  Run.  These  wells  were  to  be 
screened  in  the  upper  part  of  the  groundwater  table  to  inter¬ 
cept  contaminants  migrating  toward  the  stream.  Because  the 
landfill  toe  extends  to  the  floodplain,  access  difficulties 
required  that  the  wells  would  be  set  in  the  landfill  itself. 
In  this  case  the  well  screens  were  to  be  set  deep  enough  to 
enable  the  wells  to  be  properly  grout-sealed  into  the  sed¬ 
iments  below  the  landfill  base. 

A  groundwater  and  surface  water  elevation  survey  was  to  be 
completed  to  define  groundwater  flow  directions  and  gradi¬ 
ents.  A  single  round  of  groundwater  samples  was  to  be  taken 
from  the  wells  for  analyses  of  the  parameters  listed  in 
Table  1-2. 

3.1.3  Site  No.  3,  Landfill  3 

The  WESTON  Pre-Survey  Report  recommended  that  groundwater 
monitoring  wells  be  located  around  the  landfill  to  monitor 
the  impact  of  the  disposal  site  on  groundwater  quality.  The 
final  approved  Scope  of  Work  included  the  installation  of 
three  groundwater  monitoring  wells  between  Landfill  3  and 
North  Run.  Following  the  same  procedures  as  the  other  land¬ 
fill  sites,  the  wells  were  to  be  screened  in  the  upper  part 
of  the  groundwater  table  to  intercept  contaminants  migrating 
toward  the  stream;  groundwater  and  surface  water  elevation 
surveys  were  to  be  performed  to  define  groundwater  flow  di¬ 
rections  and  gradients.  A  single  round  of  groundwater  sam¬ 
ples  was  to  be  taken  from  the  wells  for  analyses  of  the 
parameters  listed  in  Table  1-2. 

3.1.4  Site  No.  4,  BOMARC  Missile  Site  JP-X  Discharge  Pit 

The  WESTON  Pre-Survey  Report  proposed  to  install  groundwater 
monitoring  wells  around  the  JP-X  discharge  pit  to  assess  the 
potential  or  real  impacts  of  leakage  from  the  pit  on  ground- 
water  quality.  Task  Order  0020  approved  the  installation  of 
two  groundwater  monitoring  wells  to  be  screened  in  the  upper 


part  of  the  groundwater  table.  A  groundwater  elevation  sur¬ 
vey  was  to  be  completed  to  define  the  vector  of  flow  between 
the  two  wells.  A  single  round  of  groundwater  samples  was 
taken  from  the  wells  for  analysis  of  the  parameters  listed 
in  Ta bl e  1 - 2 . 

3.1.5  Site  No.  5,  Pesticide  Wash  Area 


WESTON  recommended  that  soil  borings  be  drilled  in  the  drain¬ 
age  path  for  the  pesticide  wash  area  for  the  purpose  of  sam¬ 
pling  soils  at  discrete  depth  intervals.  These  soil  sam¬ 
ples  would  be  analyzed  for  pesticides  to  determine  whether 
contamination  may  have  entered  the  soil  and  migrated  down¬ 
ward  toward  the  water  table.  The  final  approved  Scope  of 
Work  included  the  completion  of  two  soil  borings  to  the  top 
of  the  water  table.  Soil  samples  were  to  be  taken  at  depths 
of  two  feet,  five  feet  and  at  the  water  table.  Initially, 
the  two-foot  depth  samples  were  to  be  analyzed.  If  positive 
results  were  found,  the  deeper  samples  were  to  be  analyzed 
iteratively . 

Stream  water  and  sediment  samples  were  also  to  be  taken  at 
three  locations  in  the  small  stream  adjacent  to  the  pesti¬ 
cide  wash  area,  one  sample  location  opposite  the  wash  area 
and  two  downstream  locations. 

3.1.6  Site  No.  6,  DPDO  Storage  Area 

WESTON  recommended  that  soil  borings  be  completed  in  the 
vicinity  of  the  underground  holding  tank  and  the  barrel  stor¬ 
age  area.  Soil  samples  would  be  recovered  at  discrete  depth 
intervals  and  analyzed  for  PCB  and  oil  and  grease.  The  final 
approved  Scope  of  Work  included  five  soil  borings  to  be 
drilled  to  the  water  table.  Samples  would  be  taken  at 
depths  of  two  feet,  five  feet  and  at  the  water  table. 
Initially,  the  two-foot  depth  samples  were  to  be  analyzed 
for  PCB  and  oil  and  grease.  If  results  were  positive,  the 
deeper  samples  were  to  be  analyzed  iteratively. 

3.1.7  Site  No.  7,  Fire  Training  Area  1 

WESTON  proposed  in  the  Pre-Survey  Report  to  install  ground- 
water  monitoring  wells  around  the  Fire  Training  Area  1  in  or¬ 
der  to  assess  the  impact  on  groundwater  quality  of  contami¬ 
nants  in  the  soils  in  that  area.  The  final  approved  Scope 
of  Work  included  the  installation  of  two  groundwater  monitor¬ 
ing  wells,  to  be  screened  in  the  upper  water  table,  and  to 


be  located  between  the  fire  training  area  and  the  nearby 
tributary  to  South  Run.  A  groundwater  and  surface  water  sur¬ 
vey  would  be  completed  to  determine  groundwater  flow  direc¬ 
tions  and  gradients.  One  round  of  groundwater  samples  were 
to  be  taken  at  the  wells  and  samples  were  to  be  analyzed  for 
the  parameters  listed  in  Table  1-2. 

3.1.8  Site  No.  8,  Bulk  Fuel  Storage  Area 

Because  fuel  oils  and  associated  wastes  may  be  entering  the 
ground  at  the  bulk  fuel  storage  area,  WESTON  proposed  that 
monitoring  wells  be  located  around  that  facility  to  identify 
possible  dissolved  contaminants,  as  well  as  free  floating 
fuel  products  in  the  ground  water.  As  part  of  Task  Order 
20,  two  groundwater  monitoring  wells  were  to  be  installed  be¬ 
tween  the  tank  farm  and  South  Run.  These  wells  were  to  be 
screened  to  above  the  water  table  in  order  to  intercept  any 
floating  fuel  products  present.  Both  wells  were  to  be  sam¬ 
pled  for  the  parameters  listed  in  Table  1-2. 

3.1.9  Site  No.  14,  Civil  Engineering  Compound 

Task  Order  20  required  that  a  geophysical  survey  be 
conducted  at  the  Civil  Engineering  Compound  to  determine 
whether  indications  exist  of  subsurface  disturbances  and 
waste  drum  burial  sites.  To  accomplish  this,  the  area  was 
to  be  marked  off  in  a  grid  and  a  combined  ground  penetrating 
radar  (GPR)  and  magnetometer  survey  was  to  be  conducted. 

3.1.10  Analytical  Protocol 

The  analytical  protocol  summarized  in  Table  1-2  was  selected 
for  the  nine  sites  addressed  in  this  Phase  II  study.  The  pa¬ 
rameters  chosen  are  specific  and  non-specific  indicators  of 
contamination . 


3.1.11  Formal  Scope  of  Work 

Taste  Order  0020  formalized  the  proposed  work  and  is  included 
in  this  report  in  Appendix  B.  Task  Order  0020  provided  the 
basis  for  the  implementation  of  the  field  program  described 
in  the  following  sections. 


3.2  HYDROGEOLOGIC  INVESTIGATION 

A  field  investigation  has  been  conducted  to  define  the 
hydrologic  and  geologic  setting  at  McGuire  AFB  and  to  deter¬ 
mine  the  possible  presence  of  hazardous  environmental  contam¬ 
inants  that  may  have  resulted  from  past  product  storage  and 
handling  practices  or  waste  disposal  operations  at  the  Base. 
Information  regarding  potential  or  actual  impacts  of  the 
nine  sites  on  area  groundwater  was  obtained  from  a  total  of 
17  on-site  monitoring  wells,  seven  additional  exploratory 
soil  borings,  and  three  surface  water  and  stream  sediment 
sampling  locations.  During  the  drilling  of  monitoring  wells 
split-spoon  samples  were  taken  at  regular  intervals  to 
obtain  samples  of  the  unconsolidated  sediments  in  the 
unsaturated  and  saturated  zones  for  visual  inspection.  The 
wells  also  provided  measuring  points  for  determining 
groundwater  flow  gradients  and  directions  in  the  unconfined, 
shallow  water  table  at  some  of  the  sites.  A  stream 
elevation  survey  provided  additional  information  on  the 
interrelationship  betwe jn  ground  and  surface  waters.  The 
field  work  is  summarized  on  a  site-by-site  basis  in  Table 
3-1. 

3.2.1  Schedule  of  Activity 

The  field  investigation  at  McGuire  AFB  was  commenced  on 
September  20,  1983,  and  was  completed  on  February  28,  1984. 
Table  3-2  is  a  summary  of  WESTON's  field  activities  schedule 
at  McGuire  AFB. 

3.2.2  Drilling  Program 

The  field  program  at  McGuire  AFB  included  the  installation 
of  17  groundwater  monitoring  wells  and  the  completion  of  sev¬ 
en  soil  borings  to  recover  subsurface  soil  samples  for  chem¬ 
ical  analysis.  The  work  was  conducted  by  drilling  crews  of 
Empire  Soils  Investigations,  Inc.  of  Edison,  New  Jersey. 
Two  drilling  rigs  were  on-site  to  complete  the  work.  Both 
were  Model  CME  55  auger  boring  rigs.  One  was  mounted  on  a 
truck  bed  and  the  other  was  a  trailer  mounted  rig.  The  lat¬ 
ter  mount  was  required  for  Landfills  2  and  3  where  soft 
ground  made  access  difficult. 

Representative  soil  samples  from  each  sampling  interval  were 
taken  with  split-spoon  samplers  and  standard  penetration 
test  ( SPT )  procedures  in  accordance  with  ASTM  Test  D-1586  . 
During  drilling  and  sampling,  boring  logs  of  results  were 
prepared,  and  these  logs  are  in  Appendix  D.  Samples  taken 
during  drilling  were  preserved  in  glass  jars  for  later  exam- 


TABLE  3-1 

SUMMARY  OF  FIELD  ACTIVITY 


Site 


Activity 


Zone  1  -  Landfills  4,  5, 
6  and  Sludge  Disposal 
Disposal  Area 


Landfill  2 


f.-  Landfill  3 

* 


Install  5  groundwater  monitoring 
wells  for  TOX,  TOC,  oil  and  grease, 
cyanide,  phenol,  Cu,  Cd,  Cr,  Pb,  As  and 
Ni.  Perform  well  and  ground  water 
elevation  survey. 

Install  3  groundwater  monitoring  wells. 
Sample  wells  for  TOX,  TOC,  cyanide, 
phenol,  oil  and  grease,  Cu,  Cd,  Pb,  As 
and  Ni.  Perform  well  and  groundwater 
elevation  survey. 

Install  3  groundwater  monitoring  wells. 
Sample  wells  for  TOC,  TOX,  cyanide, 
phenol,  oil  and  grease,  Cu,  Cd,  Cr ,  Pb, 
As  and  Ni.  Perform  well  and 
groundwater  elevation  survey. 


BOMARC  Missile  Site 
vv  JP-X  Discharge  Pit 


Pesticide  Wash  Area 


Install  2  groundwater  monitoring  wells. 
Sample  wells  for  TOC,  oil  and  grease, 
hydrazine  and  nitrates. 

Complete  2  soil  borings  to  water  table. 
Sample  soil  at  2  ft.,  5  ft.  and  water 
table.  Analyze  soil  at  2  ft.  for 
pesticides.  Perform  analyses  of  deeper 
soils  if  results  are  positive. 


DPDO  Storage  Facility 


Fire  Training  Area 


Civil  Engineering  Compound 


Collect  three  surface  water  and 
sediment  samples.  Analyze  for 
pesticides . 

Complete  5  soil  borings  to  water  table. 
Sample  soils  at  2  ft.,  5  ft.  and  water 
table.  Analyze  2  ft.  samples  for  PCB 
and  oil  and  grease.  Analyze  deeper 
samples  if  results  are  positive. 

Install  2  groundwater  monitoring  wells. 
Sample  wells  for  TOX,  TOC  and  oil  and 
grease.  Perform  well  and  groundwater 
elevation  survey. 

Perform  a  geophysical  survey  of  area 
using  ground  penetrating  radar  and 
magnetometer  to  locate  possible  buried 
dr  urns . 


Bulk  Fuel  Storage  Area  Install  2  groundwater  monitoring  wells. 

Sample  wells  for  TOX,  TOC,  oil  and 
grease,  lead,  cadmium,  chromium  and 
nickel. 


nl 
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TABLE  3-2 


Date 


20  September  1983 


3-25  October  1983 


28  November  - 
2  December  1983 


8-9  March  1984 


FIELD  ACTIVITY  SCHEDULE 


Activity 


Site  visit  with  drilling 
contractor  to  locate  well 
and  boring  sites,  and 
confirm  schedule. 


Drilling  rigs  on  site. 
Installation  of  monitoring 
wells.  Soil  borings  and 
soil  sampling  at  DPDO 
storage  area,  and  Pesticide 
Wash  Area. 


Monitor  well  sampling. 
Stream  water  and  sediment 
sampling  at  the  Pesticide 
Wash  Area. 


Well  evaluation  and 
location  survey. 


r 


» 
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ination.  Where  soil  samples  were  taken  for  chemical  ana¬ 
lyses,  specific  procedures  were  followed  to  ensure  sample 
integrity.  These  procedures  are  summarized  in  Appendix  E. 
At  the  completion  of  soil  borings  where  wells  were  not  in¬ 
stalled,  the  bore  holes  were  backfilled  with  a  bentonite- 
cement  grout  by  pumping  the  grout  through  the  augers  to  the 
bottom  of  the  boring  as  the  augers  were  withdrawn,  and  the 
areas  regraded  to  ensure  that  the  disturbed  soils  did  not 
become  avenues  for  surface  contamination  migrating  to  the 
groundwater . 

3.2.2.  1  Monitor  Well  Construction 

The  17  groundwater  monitoring  wells  were  installed  in  select¬ 
ed  borings  in  the  following  manner.  The  auger  was  advanced 
to  the  required  depth  below  the  water  table.  Then  appropri¬ 
ate  lengths  of  4-inch  diameter,  flush-joint,  threaded  PVC 

screen  and  riser  pipe  were  assembled  and  inserted  through 
the  auger.  The  augers  were  then  withdrawn  to  several  feet 

above  the  screen  as  a  sand  pack  was  poured  into  the  annular 
space  around  the  well  screen  to  the  base  of  the  auger.  Next, 
bentonite  pellets  were  placea  on  top  of  the  sandpack  to  seal 
the  screened  interval  from  vertical  infiltration  through  the 
annular  space.  The  seal  was  completed  by  pouring  a 

bentonite-cement  grout  through  the  augers  into  the  annular 
space  as  the  augers  were  withdrawn.  Care  was  taken  to 
prevent  collapse  of  the  annular  space  and  to  produce  a 
continuous  grout  seal  above  the  sandpack.  Each  well  was 

completed  with  the  installation  of  a  6-inch  diameter  steel 
protective  casing  that  was  cemented  in  place  over  the  top  of 
the  well  seal.  A  typical  well  construction  diagram  is 
presented  in  Figure  3-1.  Well  completion  summaries  for  all 
monitoring  wells  are  presented  in  Appendix  D.  Each  well  was 
developed  by  pumping  a  minimum  of  5  times  the  volume  of 
standing  water  in  the  well  casings.  No  foreign  water  was 
introduced  into  any  well  during  auger  drilling  or 
development,  and  no  solvents  or  glues  were  used  at  the 
casing  joints. 

3.2.2.  2  Zone  1 

A  total  of  five  groundwater  monitoring  wells,  screened  in 
the  upper  part  of  the  groundwater  table,  were  installed  in 
Zone  1.  The  wells,  numbered  MW-1  through  MW-5,  were  general¬ 
ly  located  at  sites  estimated  in  the  field  to  be 
hydrologically  downgradient  of  the  disposal  sites,  between 
those  sites  and  South  Run.  These  locations  are  shown  on 
Figure  3-2.  MW-1,  -2  and  -3  are  located  downgradient  of 
Landfill  4  and  the  sludge  disposal  site.  MW-4  is  located  at 
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the  toe  of  Landfill  5.  MW-5  is  located  downgradient  of 
Landfill  6,  on  the  opposite  side  of  South  Run  in  relation  to 
the  other  wells.  The  monitoring  wells  ranged  in  depth  from 
23  to  28  feet  below  the  land  surface.  Groundwater  was  en¬ 
countered  at  depths  of  from  1  to  17  feet.  The  wells  were 
screened  in  fine  sands  and  silts  to  the  top  of  the  water  ta¬ 
ble.  In  the  borings  for  wells  MW-1  through  MW-  5,  clay-rich 
sediments  were  encountered  at  the  bottom  of  the  borings. 
MW-4  was  located  on  the  toe  of  Landfill  5,  which  extends 
within  10  feet  of  South  Run.  Special  care  was  taken  to 
grout  the  annular  space  above  the  well  screen  to  ensure  that 
vertical  infiltration  of  water  and  leachate  from  the  land¬ 
fill  would  not  occur  around  the  well  casing.  A  complete  dis¬ 
cussion  of  subsurface  conditions  is  presented  in  Section 
4.1.  Table  3-3  summarizes  the  well  construction  details 
and  Figure  3-3  graphically  presents  the  well  construction 
details. 

An  H-NU  organic  vapor  detector  with  an  11.7eV  bulb  was  used 
to  monitor  air  quality  at  each  well  location  during  drilling 
and  well  construction.  Background  air  quality  was  9  parts 
per  million  (ppm)  or  less  at  all  locations  and  no  change  in 
quality  was  observed  at  the  top  of  the  boreholes.  The  water 
from  the  wells,  however,  had  a  strong  septic  odor. 


2.2.3  Site 


Landfill 


A  total  of  three  groundwater  monitoring  wells  numbered  MW-6, 
MW-  7 ,  and  MW-8,  were  placed  near  the  edge  of  Landfill  2 


through  the  landfill  itself.  All 
positioned  in  the  line  of  groundwater 
landfill  and  the  adjacent  North  Run. 
Section  1.3.2,  Landfill  2  extends  to  the 
floodplain  of  North  Run.  The  top  of  the 
25  feet  above  the  stream  and  the  slope 
drilling  equipment  to  negotiate.  The 
therefore  placed  at  the  top  of  the 


three  wells  were 
flow  between  the 
As  discussed  in 
edge  of  the  narrow 
landfill  lies  about 
was  too  steep  for 
three  wells  were 
landfill  toe  where 


groundwater  was  20  to  25  feet  below  ground  surface.  The 
locations  of  the  wells  are  shown  in  Figure  3-4.  The  wells 
were  from  34  to  35  feet  deep  and  were  screened  for  10  feet 
in  undisturbed  sediments  beneath  the  landfill. 

The  refuse  mass  ranged  in  thickness  from  nine  feet  in  MW-6 
to  17  feet  in  MW-7  and  MW-8.  As  with  MW-4,  special  care  in 
grouting  the  well  casings  was  taken  to  avoid  vertical  infil¬ 
tration  of  water  from  the  landfill  to  the  well  screen.  The 
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TABLE  3-3  SUMMARY  OF  WELL  CONSTRUCTION  DETAILS,  MCGUIRE  AFB 
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FIGURE  3-3  WELL  CONSTRUCTION  SUMMARY,  MW-1  THROUGH  MW-8 
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wells  were  screened  in  intervals  of  fine  silty  sand  with  oc¬ 
casional  fine  to  medium  sand  and  clayey  sand.  A  detailed 
discussion  of  site  geology  is  presented  in  Section  4.1. 
Well  construction  details  are  summarized  in  Table  3-3  and 
Figure  3-3. 

An  organic  vapor  detector  was  used  during  the  drilling  and 
well  installation  to  monitor  air  quality  at  the  boreholes. 
No  change  in  reading  above  background  was  observed  at  any  of 
the  drilling  sites. 

3.2.2. 4  Site  No.  3,  Landfill  3 

A  total  of  three  groundwater  monitoring  wells  were  placed  at 
Landfill  3  between  the  landfill  and  North  Run  in  a 
downgradient  position,  as  shown  on  Figure  3-5.  Groundwater 
was  encountered  approximately  12  feet  below  land  surface. 
Wells  MW-10  and  MW-11  were  30  and  29  feet  deep,  respective¬ 
ly,  and  they  were  screened  in  20  feet  of  sediments.  MW-9 
was  29.5  feet  deep  and  was  screened  in  only  ten  feet  of  sed¬ 
iments.  Since  nine  feet  of  waste  material  was  encountered 
at  MW-9,  the  shorter  screen  enabled  the  setting  of  a  grout 
seal  in  the  annular  space  above  the  screen  and  below  the 
base  of  the  landfill.  The  wells  at  Landfill  3  were  screened 
in  sediments  consisting  of  fine  to  medium  sands  and  silty 
sands  with  occasional  clay  lenses.  Well  construction  de¬ 
tails  are  summarized  in  Table  3-3  and  Figure  3-7. 

3.2.2. 5  Site  No.  4,  BOMARC  Missile  Site 

Two  groundwater  monitoring  wells,  MW-16  and  MW-17,  were  in¬ 
stalled  at  the  BOMARC  Missile  Site  at  a  location  judged  to 
be  hydrologically  downgradient  from  the  JP-X  fuel  storage 
area  and  JP-X  discharge  pit,  based  on  surface  topography  and 
drainage  direction  at  the  site.  The  location  of  wells  is 
shown  on  Figure  3-6.  MW-16  is  36  feet  deep  and  MW-17  is  29 
feet  deep  with  the  water  table  at  approximately  24  feet  be¬ 
low  ground  surface.  The  wells  are  screened  in  fine  sands 
with  a  peat  horizon  encountered  at  a  depth  of  30  feet  in 
borings  for  both  wells.  Subsurface  conditions  are  discussed 
in  more  detail  in  Section  4.1.  A  well  construction  summary 
is  presented  in  Table  3-3  and  Figure  3-7. 

3.2.2. 6  Site  No.  5,  Pesticide  Wash  Area 

Two  soil  borings  were  completed  in  the  pesticide  wash  area 
to  recover  soil  samples  at  discrete  depth  intervals  for  lab- 
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FIGURE  3-6  LOCATION  OF  MONITORING  WELLS  AT  THE  BOMARC  MISSILE  SITE 


oratory  analysis.  The  borings  TB-1  and  TB-2  were  located 
between  the  equipment  washing  area  and  the  stream  gully,  as 
shown  on  Figure  3-8.  The  borings  were  advanced  to  the  water 
table,  about  6  feet  below  ground  surface.  Continuous  split 
spoon  samples  were  taken,  and  samples  were  collected  and 
logged  at  each  one-foot  interval.  Specific  sampling  proce¬ 
dures  are  outlined  in  Appendix  E  of  this  report.  The  sam¬ 
ples  for  pesticides  analysis  were  placed  in  prepared  1-liter 
brown-glass  jars. 

3. 2. 2.7  Site  No.  6,  DPDO  Storage  Facility 

Five  test  borings  were  completed  to  the  groundwater  table, 
about  17  feet  below  ground  surface,  in  the  DPDO  storage 
area.  The  boring  locations,  numbered  TB-3  through  TB-7,  are 
shown  on  Figure  3-4.  TB-3  and  TB-4  were  located  adjacent  to 
the  temporary  drum  storage  pad  and  borings  TB-5,  TB-6  and 
TB-7  were  located  near  the  buried  tank  site.  Split  spoon 
samples  were  recovered  continuously  to  the  water  table  (ap¬ 
proximately  17  feet)  and  samples  logged  at  one-foot  inter¬ 
vals  (See  Appendix  D).  Samples  for  PCB  analysis  and  oil  and 
grease  analysis  were  placed  in  separate  prepared  1-liter 
brown-glass  jars.  A  complete  discussion  of  sampling  and 
preservation  procedures  is  presented  in  Appendix  E  of  this 
report. 


3.2.2. 8  Site  No.  7,  Fire  Training  Area  1 

Two  groundwater  monitoring  wells  were  installed  at  the  Fire 
Training  Area  1.  The  wells,  numbered  MW-14  and  MW-15,  were 
located  hydrologically  downgradient  of  the  site,  between  the 
site  and  a  nearby  drainageway,  as  shown  on  Figure  3-9. 
Monitor  Well  MW-15  was  located  near  the  boundary  of  the 
site,  as  determined  from  aerial  photographs,  in  an  area  of 
observed  soil  staining.  MW-14  was  located  approximately  100 
yards  away  from  the  circular  burning  site,  closer  to  the 
drainageway.  Wells  MW-14  and  MW-15  are  both  25  feet  deep 
and  screened  from  5  to  15  feet  below  grade  in  sands  and  clay¬ 
ey  sands.  The  water  table  on  the  site  was  encountered  at 
approximately  2  feet  below  the  ground  surface. 

3. 2. 2. 9  Site  No.  8,  Bulk  Fuel  Storage  Area 

Two  groundwater  monitoring  wells  were  installed  at  the  Bulk 
Fuel  Storage  Area.  The  wells,  numbered  MW- 12  and  MW-13  were 
located  between  the  tank  farm  and  South  Run  as  shown  on 
Figure  3-10.  Both  wells  are  27  feet  deep  with  20  feet  of 
slotted  screen.  The  screens  extend  above  the  water  table  in 


FIGURE  3-8  LOCATION  OF  TEST  BORINGS  AND  STREAM  SAMPLING 
LOCATIONS  AT  THE  PESTICIDE  WASH  AREA 
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FIGURE  3-10  LOCATION  OF  MONITORING  WELLS  AT  THE 
BULK  FUEL  STORAGE  AREA 


order  to  intercept  any  fuel  oil  floating  on  the  groundwater 
surface . 


The  wells  in  the  bulk  fuel  storage  area  were  screened  in  ol¬ 
ive  grey  and  brown  fine  silty  sands.  The  water  table  was  en¬ 
countered  at  approximately  12  feet  below  the  ground  surface. 
Well  construction  details  are  summarized  in  Table  3-3  and 
Figure  3-7. 

3.2.3  Geophysical  Survey  -  Site  No.  14,  Civil  Engineering 
Compound 

A  geophysical  field  investigation  of  the  Civil  Engineering 
Compound  substructure  was  conducted  by  WESTON  between  11 
October  and  20  October  1983.  Geophysical  mapping  at  the 
Civil  Engineering  Compound  provided  a  direct  comparison  of 
results  obtained  from  the  application  of  two  different  geo¬ 
physical  techniques:  (1)  Ground  Penetrating  Radar  (GPR)  and 
(2)  Magnetometry .  The  two  types  of  data  can  be  used  in  a 
complimentary  manner  to  locate  disturbed  areas  and  metal 
objects  which  are  both  indicators  of  possible  waste  burial 
sites.  Since  the  exact  locations  of  the  drums  and  other  fa¬ 
cilities  suspected  to  be  buried  beneath  the  compound  are  not 
known,  the  survey  was  completed  in  grid  fashion  covering  the 
entire  portion  of  the  yard  that  was  accessible.  Prior  to  the 
field  investigation  the  CE  Compound  was  subdivided  into  a 
ten  foot  by  ten  foot  survey  grid,  as  shown  in  Figure  3-11. 
The  resulting  cartesian  grid  was  oriented  with  the  X  axis 
traversing  NW  to  SE  and  the  Y  axis  traversing  SW  to  NE,  and 
with  the  origin  (0,0)  located  at  the  SW  corner  of  Building 
S-3462 . 

3. 2. 3.1  Objectives  of  the  Geophysical  Survey 

The  purpose  of  the  geophysical  surveying  program  was  to  iden¬ 
tify,  insofar  as  possible  at  the  level  of  a  confirmation  sur¬ 
vey,  the  location,  depth  and  areal  extent  of  disturbed  areas 
and  metallic  objects  that  may  be  associated  with  waste  depos¬ 
itories  in  the  immediate  subsurface  environment.  The  combi¬ 
nation  of  Magnetometer  and  GPR  response  signatures  indicate 
the  presence  of  a  variety  of  subsurface  anomalies  with  the 
C . E.  Compound . 

The  magnetic  data  were  used  to  provide  a  semi-quantitative 
measure  of  the  distribution  of  magnetic  anomalies  produced 
by  subsurface  metallic  sources.  The  GPR  provided  qualita¬ 
tive  information  characteristic  of  the  substructure  and  its 
components.  Utilizing  both  geophysical  techniques  in  an  in- 


FIGURE  3-1 1  CIVIL  ENGINEERING  STORAGE  COMPOUND,  TRAVERSE 
GRID  LAYOUT  FOR  GEOPHYSICAL  SURVEY 


tegrated  approach  allowed  a  rapid  convergence  of  information 
necessary  for  assessing  subsurface  conditions  within  the 
C.E.  compound.  A  correlation  between  data  acquired  by  these 
two  techniques  is  reported  in  the  following  Sections. 

3. 2. 3. 2  Magnetometer  Survey 

The  magnetometer  survey  of  the  Civil  Engineering  Compound 
was  conducted  on  20  October  1983  .  Utilizing  the  10'  X  10' 
grid  established  for  the  GPR  Survey,  magnetometer  readings 
were  taken  at  ten  foot  node  spacings.  BacKground  magnetic 
signatures  were  established  at  five  randomly  selected  loca¬ 
tions  outside  the  compound  where  similar  paving  existed. 
Magnetic  signatures  were  measured  at  each  grid  node  using  a 
vertical  field  flux  gate  magnetometer.  Results  of  these 
measurements  were  compared  against  ambient  background  signa¬ 
tures  and  a  magnetic  anomaly  map  was  constructed. 

3.2.3. 3  Ground  Penetrating  Radar  Survey 

The  Ground  Penetrating  Radar  (GPR)  Survey  of  the  Civil 
Engineering  Compound  was  conducted  by  WESTON  between  11 
October  and  20  October  1983.  After  establishing  the  survey 
grid  the  next  step  was  to  calibrate  the  GPR  system.  To  cal¬ 
ibrate  the  system  either  the  dielectric  constant  (E  )  of 
the  survey  medium,  or  the  depth  to  a  particular  object  orr  in¬ 
terface  must  be  known.  Calibration  of  the  Radar  system  was 
performed  at  the  C.E.  Compound  using  a  two-step  operation. 
Initial  calibration  was  calculated  using  a  dielectric  con¬ 
stant  (E  )  of  16,  based  upon  on-site  soil  and  moisture  con¬ 
ditions  (moist  fine  to  medium  sand  and  silt).  Next,  for 
quality  assurance  purposes,  calibration  traverses  were  run 
over  a  three-foot  diameter  culvert  at  a  known  depth  of  ap¬ 
proximately  three  and  a  half  feet  (Figure  3-11).  From  this 
calibration  procedure  a  vertical  depth  profile  scale  of  1"  = 
2.4'  was  constructed. 

Subsequent  to  system  calibration  survey,  traverses  were  con¬ 
ducted  over  the  compound.  Surveying  was  accomplished  by 
traversing  the  compound  (with  the  GPR  antennae)  along  each 
parallel  grid  line  in  a  NW  to  SE  direction  (starting  at  node 
0+0  and  ending  at  node  0  +  26),  then  perpendicular  in  a  SW  to 
NE  direction  (starting  at  nod'  0+0,  ending  at  node  37+26). 
The  product  of  the  GPR  Survey  was  a  series  of  real-time 
subsurface  profiles.  To  standardize  the  data,  marks  were 
fixed  on  the  profile  for  any  given  traverse,  at  ten  foot 
intervals  and  ten  foot  grid  intersections.  The  profiles 
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were  transported  back  to  the  WESTON  lab  for  analysis  and 
interpretation. 


3 . 2 . 3 . 4  Geophysical  Survey  Analysis 

Before  magnetic  readings  were  contoured,  certain  correction 
factors  had  to  be  applied.  The  daily  (diurnal)  variation  of 
the  earth's  magnetic  field  had  to  be  taken  into  account  in 
reducing  data  taken  with  the  field  magnetometer.  A  diurnal 
variation  curve  and  subsequently  a  correction  factor  was  es¬ 
tablished  for  the  C.E.  area  by  returning  to  a  pre-determined 
base  station  adjacent  to  Building  S-3428  and  taking  readings 
at  fixed  intervals  throughout  the  survey  period.  By  plot¬ 
ting  the  reading  at  the  base  station  against  time  it  was  pos¬ 

sible  to  construct  a  variation  curve  for  the  day's  work. 

After  the  reduced  magnetic  readings  were  computer  plotted 
and  contoured  on  a  base  map  of  the  C.E.  compound,  a  qualita¬ 
tive  examination  of  the  contour  map  was  performed,  and  struc¬ 

tural  trends,  discontinuities,  and  magnetic  deviations  were 
noted. 

Data  analysis  of  GPR  survey  data  involved  the  interpretation 
of  each  profile  individually  and  then  comparing  the  results 
collectively.  The  interpretation  process  had  two 
objectives : 

m  Applying  specific  knowledge  of  known  f 

signature  densities  and  configurations 
to  the  identification  of  pipes,  drums, 
trenches,  soil  structures,  discontinui¬ 
ties  and  surface  disturbances. 

•  Identifying  trends  and  conditions  by 
comparing  standard  profiles  one  to  an¬ 
other.  This  process  identified  soil  in¬ 
terfaces,  buried  utilities  and  ground- 
water  data. 

The  GPR  profiles  produced  as  a  result  of  this  survey  exhibit¬ 
ed  high  resolution,  clearly  defining  changes  in  soil  charac¬ 
teristics  and  highlighting  individual  targets  beneath  the 
C.E.  Compound. 

Upon  incorporating  the  results  from  both  surveys  it  was  then 
possible  to  confirm  or  discount  previously  suspect 
anoma lies. 
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However,  it  must  be  kept  in  mind  that,  as  with  most  remote 
sensing  devices,  certain  ambiguities  do  arise  through  a  vari¬ 
ety  of  uncontrollable  mechanisms  (eg.  structural  interfer¬ 
ence,  magnetic  storms),  that  reflect  definite  conditions 
that  cannot  safely  be  interpreted.  It  should  be  noted  that 
two  conditions  favorable  to  these  geophysical  techniques  do 
exist  in  the  substructure  of  the  C.E.  compound. 

•  The  predominantly  homogenous  medium  to 
coarse  sand  underlying  the  site. 

#  A  shallow  water  table  (approximately  8 
to  12  feet)  below  grade. 

3.2.4  Field  Testing 

3 . 2 . 4 . 1  Groundwater  Elevation  Survey 

The  tops  of  PVC  casing  of  all  17  monitoring  wells  were  sur¬ 
veyed  for  elevation  to  the  nearest  0.1  foot  by  a  New  Jersey 
State  licensed  surveyor  in  accordance  with  New  Jersey 
Department  of  Environmental  Protection  Regulations.  Stream 
elevation  references  were  also  established  at  locations  near 
the  monitoring  wells.  The  purpose  of  the  survey  was  to  es¬ 
tablish  references  from  which  to  measure  groundwater  and  sur¬ 
face  water  in  order  that  the  gradient  and  direction  of  flow 
of  groundwater  to  nearby  stream  discharge  points  could  be 
established.  All  elevations  were  referenced  to  permanent 
benchmarks  located  on  the  Base  property.  Table  3-4  presents 
a  list  and  description  of  well  and  surface  water  reference 
point  elevations. 

3. 2. 4. 2  Water  Level  Measurements 

Two  complete  rounds  of  water  level  measurements  were  made. 
One  round  was  made  at  the  time  of  sampling  during  the  period 
November  28-30,  1983,  and  another  round  was  made 
independently  of  sampling  activities  on  March  8,  1984.  All 

readings  of  monitoring  wells  were  referenced  to  the  top  of 
PVC  casing  using  a  Soil  Test  Model  DR  706A  Water  Level 
Probe.  The  surface  water  levels  were  measured  with  a  ruler 
against  a  wooden  staff  gauge.  Table  3-4  lists  all  readings 
and  calculated  water  surface  elevations. 

3 . 2 . 4 . 3  Field  Testing  for  Water  Quality 

While  taking  groundwater  samples  for  laboratory  analyses  dur¬ 
ing  the  week  of  November  28,  the  WESTON  field  team  also  an- 
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TABLE  3-4  SUMMARY  OF  MONITORING  WELL 
AND  SURFACE  WATER  ELEVATION  SURVEY 


\  Location  Well 


Zone  1 

3 

L*  * 

4 

5 

6 

Landfill  2 

7 

IV. 

8 

i 

9 

Landfill  3 

10 

11 

PI 

Bulk  Fuel 

12 

•  ■ 

Storage  Area 

13 

Fire  Train- 

14 

V- 

ing  Area 

15 

Bomarc 

16 

Missile  Site 

17 

Depth  to 
Water  in 
Feet 
11/28/83 


5.85 
17.20 
5.  15 

23.41 

21.31 
26.66 

13.41 
13.75 

14.85 

15.55 

10.67 

3.01 
2.  30 

26.8 

26.0 


Depth  to 
Water  in 
Feet 
3/8/84 


5.15 

17.32 

3.58 

19.71 

19.02 

22.76 

13.86 

12.04 

12.58 

13.33 
9.60 

2.75 

2.25 

23.74 

23.58 


Elevation 


Top  of 
Casing 

Groundwater 

11/28/83 

Elevat 

3/8/84 

100.61 

95.  66 

97.65 

87.26 

81.03 

80.80 

93.02 

87.17 

87.87 

97.53 

80.33 

80.21 

94.22 

89.07 

90.64 

127.67 

104.26 

107.96 

126.10 

104.79 

107.08 

122.94 

96.28 

100. 18 

113.43 

100.02 

99.57 

111.12 

97.37 

99.08 

116.19 

102.05 

104.32 

111.32 

95.77 

97.99 

109.73 

99.06 

100. 13 

116.75 

113.74 

114.00 

117.44 

115.14 

115.19 

152.99 

126.19 

129.73 

150.73 

124.73 

127.15 

TABLE  3-4  (cont.) 


h  ’■ 

L  •  . 

$ 

Location 

Stream 

Staff 

Guage 

Top  of  Staff 
Elevation 

In  Feet 

Depth  to 
Water  (Ft.) 
3/8/84 

Water 
Elevation 
In  Feet 

SG-2 

78.26 

1.62 

76.64 

Zone  1 

SG-3 

87.72 

2.08 

85.64 

SG-4 

80.  07 

1.  92 

78.15 

SG-5 

90.92 

12.03 

78.89 

K’.-- 

I  •  . 

SG-6 

102.39 

2.20 

100.19 

S  •> 

Landfill  2 

SG-7 

99.73 

2.0 

97.73 

• 

r 

SG-8 

100.59 

1.85 

98.74 

v'V 

SG-9 

93.78 

1.90 

91.78 

a 

•  • 

Landfill  3 

SG-10 

91.96 

1.95 

90.01 

SG-11 

91.52 

1.75 

89.77 

$ 

Fuel  Storage 
Area 

H 


- Fire  Training 
Area  1 


SG-12 

94.42 

1.80 

94.62 

SG-13 

94.40 

1.80 

94.60 

SG-14 

103.43 

1.67 

101.76 

SG-15 

103.29 

1.6  0 

101.69 

alyzed  grab  samples  from  each  well  for  temperature,  specific 
conductance  and  pH.  The  pH  was  measured  with  a  Markson 
Model-6  portable  pH  meter.  Temperature  and  specific  conduc¬ 
tance  was  measured  with  a  Markson  Model  36  Conductivity 
Meter.  The  results  of  these  tests  are  presented  in  Table  3- 
5. 

3.2.5  Water  Quality  Sampling 

Between  25  November  and  2  December  1983  a  complete  round  of 
groundwater  samples  was  taken  from  the  17  monitoring  wells 
installed  at  McGuire  AFB.  Samples  from  each  well  were  pack¬ 
aged  and  preserved  according  to  analyses  required  at  each 
sampling  location  and  outlined  in  Section  3.1.10. 

The  purpose  of  the  water  quality  sampling  program  was  to 
identify,  insofar  as  possible  at  the  level  of  a  confirmation 
survey,  the  location,  concentration  and  areal  extent  of  any 
contamination  present  in  the  hydrogeologic  environment. 
From  this  information  it  would  be  possible  to  deduce  the  gen¬ 
eral  direction  in  which  these  contaminants  are  migrating  and 
their  probable  origin.  To  achieve  these  goals  efficiently, 
specific  field  procedures  were  followed  for  purging  the 
wells,  collecting  the  samples,  and  ensuring  field  quality 
control.  These  procedures  have  been  used  to  obtain  a  single 
complete  set  of  representative  samples  for  chemical  analysis 
from  the  monitoring  wells  and  surface  water.  The  sampling 
and  quality  assurance  plans  used  to  accomplish  these  goals 
are  contained  in  Appendix  E.  Sample  chain-of-custody  doc¬ 
umentation  is  contained  in  Appendix  F.  Standard  laboratory 
analysis  protocols  used  in  the  analysis  of  these  samples  are 
contained  in  Appendix  G. 


3.2.6  Surface  Water  and  Sediment  Sampling 

The  scope  of  work  for  the  pesticide  wash  area  included  the 
collection  of  surface  water  and  bottom  sediment  samples  for 
analyses  of  pesticides  from  the  small  stream  running  next  to 
the  facility.  Samples  of  water  and  sediment  were  taken  at  3 
locations  along  the  stream,  as  shown  on  Figure  3-8.  All  sam¬ 
ples  were  taken  in  one-liter  brown-glass  jars  with  Teflon 
lids,  prepared  in  the  laboratory.  Water  samples  were  taken 
directly  from  the  stream.  Sediment  samples  were  taken  with  a 
stainless  steel  scoop  that  was  ■'insed  with  dionized  water  be¬ 
tween  samples.  The  sample  containers  were  packed  with  the 
groundwater  samples  and  handled  in  the  same  manner  as  out¬ 
lined  in  Appendix  E. 
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TABLE  3-5 

SUMMARY  OF  FIELD  TESTED  WATER  QUALITY  PARAMETERS 


Temp 

Specif ic 

Ph 

Location 

(C°) 

Conductance 

Zone  1 

10 

741 

5 

Zone  I 

9 

368 

6 

Zone  1 

8 

808 

5 

Zone  1 

8 

810 

6 

Zone  1 

12 

285 

4 

Landfill  2 

11 

525 

5 

Landfill  2 

10 

1550 

6 

Landfill  2 

10 

780 

5 

Landfill  3 

10 

962 

5 

Landfill  3 

9 

290 

4 

Landfill  3 

12 

330 

5 

Bulk  I uel  Storage 

11 

1761 

5 

Bulk  Fuel  Storage 

11 

195 

4 

Fire  Training  Area  #1 

6 

89 

4 

Fire  Training  Area  #1 

10 

118 

4 

BOM ARC 

10 

1660 

11 

BOMARC 

10 

154 

5 
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Based  on  the  geologic  records  reviewed  during  the  Records 
Search  and  the  Phase  II  investigation  at  McGuire  AFB,  all 
of  the  sites  located  on  the  main  installation  which  were 
addressed  in  the  Phase  II  investigation  are  underlain  by  the 
Kirkwood  Formation.  Minor  thin  veneers  and  erosional 
outliers  of  Cohansey  Sand  occur  at  the  Base,  but  do  not 
appear  to  exert  a  major  influence  upon  the  hydrodynamic 
regime  of  McGAFB.  In  general,  the  seventeen  borings  for 
monitor  wells  installed  at  the  Base  encountered  grey-green 
and  grey-brown  fine  sands,  and  grey-green  glauconitic  silts 
and  clays.  The  BOMARC  Missile  Site,  located  to  the  east  of 
the  Base  is  directly  underlain  by  the  Cohansey  Formation 
which  overlies  the  Kirkwood.  The  two  well  logs  for  the 
BOMARC  site  encountered  light  colored  fine  to  medium  sands 
with  a  peat  layer  at  a  depth  of  30  feet. 

Structural  fills  were  encountered  in  the  DPDO  Area,  and  the 
Fuel  Storage  Area.  These  were  generally  native  sandy  soils, 
used  to  grade  the  sites.  The  fill  in  the  fuel  storage  area 
lies  over  a  marshy  organic  horizon,  approximately  10  feet  be¬ 
low  ground  surface.  The  only  other  surface  disturbances  are 
the  landfills  themselves.  Landfills  1  through  6  and  the 
sludge  disposal  area  are  generally  poorly  graded  and  covered 
with  permeable  soils.  Their  bases  are  directly  on  permeable 
subsoils.  The  boring  logs  in  Appendix  D  describe  the  soils 
encountered  during  the  Phase  II  investigation. 

4.2  SITE  GROUNDWATER  CONDITIONS 


As  evidenced  by  the  water  level  readings  in  the  newly  in¬ 
stalled  monitoring  wells  at  the  main  Base  and  the  BOMARC 
Missile  site,  groundwater  occurs  at  shallow  water  table  con¬ 
ditions  in  the  Kirkwood  and  Cohansey  Formations  which 
underlie  the  sites.  The  groundwater  table  occurs  between  1 
and  25  feet  below  land  surface  throughout  the  area  and  is 
contiguous  with  nearby  streams.  Groundwater  elevations  in 
wells  MW  - 1  through  MW-15  were  higher  than  the  elevations  of 
nearby  streams,  indicating  that  a  horizontal  hydraulic 
gradient  of  flow  exists  from  the  wells  to  the  streams.  This 
conf irms 


that  the  streams 
groundwater . 


are 


a  discharge  line  for  shallow 


The  landfills  which  were  penetrated  by  the  drilling  were  com¬ 
posed  of  permeable  waste  material.  No  perched  water  zones 
within  refuse  were  observed  within  or  at  the  base  of  the 
landfills. 


The  apparent  large  variations  between  groundwater  elevations 
in  the  wells  and  the  surface  elevations  of  the  streams  re¬ 
flect  groundwater  mounding  in  the  areas  around  the  land¬ 
fills,  which  is  caused  by  the  relatively  low  vertical 
permeabilities  of  the  fine-grained  stratified  sediments. 
For  example,  in  Zone  1,  MW-4  near  South  Run  exhibits  a  stat¬ 
ic  water  table  consistent  with  the  stream  (80.3  feet).  Well 
MW- 1  exhibits  a  comparatively  high  water  table  (95.7  feet) 
remote  from  the  stream  and  immediately  below  the  Landfill  4. 
A  generalized  water  table  map  illustrating  the  lowest  water 
level  readings  from  November  1983  was  prepared  and  shown  on 
Figure  4-1.  This  map  shows  a  generally  east,  southeasterly 
gradient  to  the  flow  regime  over  McGAFB.  Because  the  upper¬ 
most  unconsolidated  sediments  are  of  moderately  low  perme¬ 
ability,  steep  hydraulic  gradients  occur  where  there  is 
topographic  relief,  namely  through  the  stream  channels  up  on 
to  the  airfield  proper.  Localized  flow  anomalies  in  these 
areas  should  be  evaluated  on  a  site  by  site  basis  as  dis¬ 
cussed  below. 


The  following  subsections  describe  findings  regarding 
water  flow  at  those  sites  where  wells  were  const 
These  wells  were  limited  to  areas  inferred 
downgradient  of  the  suspect  site.  Static  groundwater 
at  each  site  were  survey  referenced  to  nearby  surface 
to  develop  a  flow  gradient  interpretation  on  a  locali 
sis.  No  upgradient  wells  were  constructed;  therefore 
terpretation  is  limited  to  the  portions  of  each  site 
and  downgradient  of  the  landfills  or  other  possible 
inant  sources. 
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4.2.1  Groundwater  Flow 


Zone 


Table  3-4  presents  a  summary  of  the  groundwater  survey  con¬ 
ducted  at  McGuire  AFB.  Groundwater  elevations  obtained  from 
wells  MW  - 1  through  MW- 5,  plus  stream  surface  elevations , 
were  used  to  develop  the  groundwater  surface  map  illustrated 
in  Figure  4-2.  As  the  figure  shows,  the  gradient  of  flow  is 
toward  South  Run.  The  horizontal  gradient  near  the  stream 
where  the  landfills  are  located  is  steep  at  approximately 


-  E  Compound 


GROUNDWATER  SUFACE  MAP  OF  ZONE  1 


.025,  or  2.5  feet  of  head  loss  over  a  horizontal  distance  of 
approximately  100  feet. 


Groundwater  seepage  velocity,  Vs,  is  related  to  the  hydrau¬ 
lic  gradient,  i,  and  the  hydraulic  conductivity,  K,  of  the 
sediments  by  the  following  relationship: 


where  n  is  the  effective  porosity  of  the  sediments. 

Porosity  varies  over  a  narrow  range  in  sandy  sediments  and 
can  be  estimated  at  0.3  without  producing  significant  error. 
Hydraulic  conductivity,  the  amount  of  water  flowing  through 
a  unit  area  of  aquifer  under  a  h'/draulic  gradient  of  1,  can 
be  estimated  from  sediment  type.  Based  on  a  hydraulic  con¬ 
ductivity  for  fine  sands  of  10  feet/day  (Todd,  1980),  an 
estimate  of  groundwater  velocity  at  Zone  1  may  be  calculated 
to  be : 

(10  f eet/day ) ( 0 . 02 5 ) 

a  ,  =  0.8  feet/day 


Since  the  farthest  point  of  any  landfill  is  about  1300  feet 
from  the  nearest  stream  the  maximum  travel  time  to  the 
stream  for  any  contaminants  reaching  the  groundwater  is  2250 
days,  or  6.2  years.  The  most  recent  landfill.  No.  6,  was  in 
operation  by  1973,  and  none  of  the  landfills  are  isolated 
from  the  water  table  by  more  than  a  few  feet  of  porous  soil. 
It  can  be  assumed,  then,  that  any  leachate  being  produced  in 
any  of  landfills  is  already  reaching  a  discharge  line  along 
South  Run . 

The  boring  logs  for  MW-1  through  MW-5  (see  Appendix  D)  also 
show  finer  silt  and  clay  rich  sediments  at  depths  of  20  to 
25  feet  below  ground  surface.  This  indicates  a  partial  lo¬ 
cal  barrier  to  vertical  groundwater  flow  and  supports  the 
assumption  that  most  of  the  shallow  groundwater  flow  i; 
horizontal  toward  South  Run. 

4.2.2  Groundwater  Flow  -  Site  No.  2 ,  bandf ill  2 


Figure  4-3  presents  a  groundwater  surface  contour  map  for 
the  bandf ill  2  area,  based  on  the  groundwater  surface  eleva¬ 
tions  for  wells  MW-6,  MW-7  and  MW-8  and  stream  elevations  at 
staff  guages  6,  7  and  8.  The  landfill  is  adjacent  to  North 
Run,  and  the  wells  are  located  parallel  to  the  stream  so 
that  the  hydraulic  gradient  shown  represents  the  grad  i  - 
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ent  that  occurs  adjacent  to  the  discharge  line  and  does  not 
represent  the  general  gradient  for  the  area.  This  gradient 
may  be  enhanced  by  groundwater  mounding  beneath  the  land¬ 
fill.  In  any  case,  groundwater  flow  is  directly  toward  the 
creek  whose  surface  is  about  8  feet  below  the  highest  ground- 
water  elevation,  which  is  shown  in  MW-6. 

Well  screens  for  the  three  wells  at  Landfill  2  are  set  and 
grout-sealed  below  the  landfill  itself,  which  is  nine  feet 
thick  at  MW-6  and  17  feet  thick  at  MW-7  and  MW-8. 
Groundwater  levels  in  the  wells  during  the  first  round  of 
measurements  in  November,  1983,  were  from  4-13  feet  below 
the  base  of  the  landfill.  The  levels  taken  in  March,  1984, 
were  approximately  11  feet  below  the  base  of  the  landfill  at 
MW-6,  5  feet  at  MW-7  and  at  the  base  of  the  landfill  at 

MW-8.  The  period  before  the  last  round  of  measurements  was 
relatively,  but  not  abnormally,  wet.  Thus  it  can  be  assumed 
that  during  wetter  times  of  the  year,  some  parts  of  the 
landfill  are  in  direct  contact  with  the  water  table. 

4.2.3  Groundwater  Flow  -  Site  No.  3,  Landfill  3 

Figure  4-4  presents  a  groundwater  surface  contour  map  for 
Landfill  3  based  on  groundwater  surface  elevations  for  mon¬ 
itoring  wells  MW- 9 ,  -10,  and  -11  and  stream  elevations  at 

staff  gauges  9  and  10.  Unlike  landfill  2,  landfill  3  is  set 
from  100  to  200  feet  back  from  North  Run.  The  three  wells, 
located  at  or  near  the  landfill  toe,  show  a  steep  gradient 
of  groundwater  flow  towards  the  creek  of  approximately  0.1 
feet/foot.  Based  on  the  one  boring  through  the  landfill, 
MW-9 ,  the  water  table  is  approximately  3  feet  below  the  base 
of  the  landfill  which  lies  over  moderately  permeable  sandy 
sediments . 

Because  of  the  above  conditions,  and  the  age  of  the  land¬ 
fill,  any  contaminant  plume  generated  by  the  landfill  has 
probably  reached  the  groundwater  discharge  line  along  the 
stream . 

4.2.4  Groundwater  Flow  -  Site  No  4,  BOMARC  Missile  Site 

The  borings  for  the  two  wells  located  at  the  BOMARC  Missile 
Site,  east  of  the  Base,  encountered  fine  to  medium  sands 
that  appear  to  be  part  of  the  Cohansey  Formation  which  out¬ 
crops  in  that  area.  A  peat  layer  was  encountered  at  a  depth 
of  30  feet  in  both  wells.  The  wells  are  less  than  100  feet 
apart  and  the  extent  of  the  peat  layer  and  its  affect  on 
groundwater  flow  is  not  known.  There  is  a  fairly  steep  hy- 
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FIGURE  4-4  GROUNDWATER  SURFACE  MAP  OF  LANDFILL  3 


draulic  gradient  of  approximately  0.02  between  the  two  wells 
in  a  direction  from  the  acid  neutralization  pit.  The  site 
lies  on  a  topographic  high  and  the  ground  surface  slopes  to 
the  southeast  where  streams  and  wetlands  indicate  a  ground- 
water  discharge  area. 

4.2.5  Site  No  7,  Groundwater  Flow  -  Fire  Training  Area  1 

Although  the  Fire  Training  Area  is  located  on  natural  ground 
that  is  slightly  higher,  by  a  few  feet,  than  the  surround¬ 
ing  area,  the  water  table  was  found  to  be  approximately  one 
foot  below  grade  and  higher  by  ten  feet  or  more  than  most 

other  well  water  elevations  measured.  The  upper  ten  feet  of 
soils  encountered  in  the  borings  for  MW-14  and  MW-15  were 
light  colored  sands  that  may  be  part  of  the  Cohansey 
Formation  which  outcrops  as  a  thin  veneer  over  parts  of  the 
Base.  Underlying  the  light  sands  are  darker  colored,  clayey 
sands  which  appear  to  belong  to  the  Kirkwood  Formation.  The 

permeability  of  the  Kirkwood  sands  are  lower  than  the 

Cohansey  because  of  the  clay  content. 

Although  it  is  not  possible  to  develop  a  ground  water  con¬ 
tour  map  from  the  two  well  elevations,  the  hydraulic  gradi¬ 
ent  between  the  wells  and  the  nearby  stream  (Figure  3-9) 

shows  a  vector  of  flow  which  is  probably  close  to  the 
general  direction  of  groundwater  flow  in  the  area 
southeast  with  a  gradient  of  0.002.  Because  of  the  higher 
permeability  of  the  upper  ten  feet  of  sediments,  most  of  the 
lateral  ground  water  flow  is  probably  in  these  sediments. 

4.2.6  Groundwater  Flow  -  Bulk  Fuel  Storage  Area 

The  area  between  the  tank  farm  and  South  Run  where  monitor¬ 
ing  wells  MW-12  and  MW-13  are  located  is  underlain  by  approx¬ 
imately  ten  feet  of  sandy  fill,  a  horizon  of  sandy  soil  and 
peat,  and  dark  clayey  sands  of  the  Kirkwood  Formation.  The 
groundwater  table  occurs  below  the  base  of  the  fill.  When 
compared  with  the  elevation  of  the  stream,  the  well  water 
elevations  show  the  groundwater  gradient  to  be  in  the  direc¬ 
tion  of  the  stream  that  parallels  the  site.  Because  the  two 
wells  are  not  in  line  to  the  stream  they  do  not  lie  in  the 
principle  direction  of  flow  and  so  do  not  define  a  major 
groundwater  gradient.  However,  there  is  a  seven  foot  drop 
in  head  between  MW-13  and  the  stream,  resulting  in  a  gradi¬ 
ent  of  0.05.  The  stream  bed  itself  lies  directly  on 
Kirkwood  sediments,  below  the  elevation  of  the  fill. 
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4.3  RESULTS  OF  WATER  QUALITY  ANALYSES 

4.3.1  Groundwater  Quality  -  Zone  1 

The  results  of  the  water  quality  analyses  for  wells  MW-1 
through  MW-5  located  in  Zone  1  are  presented  in  Table  4-1. 
All  of  the  wells  are  located  downgradient  from  the  landfills 
(Figure  4-2)  and  therefore  no  well  can  be  considered  a  back¬ 
ground  sampling  point.  The  results  of  the  water  sample  ana¬ 
lyses  are  summarized  below. 

Of  the  metals,  no  lead,  chromium,  or  cadmium  was  detected  in 
any  of  the  samples.  Arsenic  was  detected  in  well  MW-5  at  a 
concentration  of  11.8  ug/1  which  is  below  the  Drinking  Water 
Standard  of  50  mg/1.  Copper  was  found  in  all  5  samples  in 
concentrations  ranging  from  50  to  160  ug/1,  below  the  ambi¬ 
ent  water  criterion  of  1,000  ug/1.  Nickel  was  found  in  all 
samples  in  concentrations  of  110  to  170  ug/1  which  is  in  ex¬ 
cess  of  the  13.4  ug/1  ambient  water  quality  standard. 

Cyanide  was  found  in  all  5  wells  in  concentrations  of  20  to 
79  ug/1,  all  below  the  Federal  Ambient  Water  Quality 
Criterion  of  200  ug/1.  Phenols  were  found  in  concentrations 
of  10  to  456  ug/1;  well  MW-3,  at  456  ug/1,  was  in  excess  of 
the  taste  and  odor  threshold  of  300  ug/1.  Oil  and  grease 
was  detected  in  all  wells  except  MW-2  in  concentrations  rang¬ 
ing  from  0.15  to  6.29  mg/1.  The  taste  and  odor  threshold 
for  oil  and  grease  is  0.01  mg/1. 

TOC  (total  organic  carbon)  concentrations  ranged  from  18.6 
mg/1  to  133  mg/1.  This  is  a  general  indicator  and  not  refer¬ 
enced  to  a  specific  standard.  Elevated  TOC  concentrations 
were  found  in  wells  MW-1  and  MW-5  (133  and  130  mg/1,  respec¬ 
tively)  while  the  TOC  range  in  Wells  MW-2,  MW-3  and  MW-4  was 
between  18.6  and  25.1  mg/1 .  Water  in  both  wells  MW-1  and 
MW-5  was  observed  to  have  strong  organic  odors.  These  wells 
are  located  immediately  downgradient  of  Landfills  4  and  6, 
respectively.  TOX  (total  organic  halogens)  was  found  in  con¬ 
centrations  ranging  from  5.1  to  260.2  ug/1  in  the  five  well 
samples  tested.  MW-3,  downgradient  of  Landfills  4  and  5, 
had  TOX  concentration  of  260,2  ug/1.  The  other  four  wells 
had  concentrations  of  17.3  ug/1  or  less.  The  significance 
of  the  general  indicator  parameters  TOC  and  TOX  is  discussed 
in  Section  4.6 

4.3.2  Groundwater  Quality  -  Site  No.  2,  Landfill  2 

The  results  of  the  water  quality  analyses  for  wells  MW-6, 
MW-7  and  MW-8  are  presented  in  Table  4-1.  All  three  wells 
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TABLE  4-1  SUMMARY  OF  WATER  QUALITY  ANALYTICAL  RESULTS 
ZONE  1  AND  LANDFILLS  2  AND  3 
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penetrated  refuse  near  the  toe  of  Landfill  2  (Figure  4-3) 
and  are  screened  in  the  sediment  below  the  landfill.  The  re¬ 
sults  of  the  water  quality  analyses  is  summarized  in  the  fol¬ 
lowing  paragraphs. 

Of  the  metals,  no  lead,  chromium,  or  cadmium  was  detected  in 
any  of  the  samples.  Arsenic  was  detected  in  one  sample, 
MW-7,  at  41.1  ug/1,  which  is  just  below  the  drinking  water 
standard  of  50  ug/1.  Copper  was  found  in  wells  MW-6  and 
MW-8  at  60  and  30  ug/L,  respectively,  which  is  well  below 
the  ambient  water  quality  criterion  of  1,000  ug/1.  Nickel 
was  found  in  all  three  wells  at  concentrations  in  the  range 
of  130-140  ug/1,  which  is  above  the  ambient  water  quality 
criterion  of  13.4  ug/1. 

Cyanide  was  found  in  Well  MW-6  (13  ug/L)  and  MW-8  (18  ug/1), 
well  below  the  Federal  Ambient  Water  Quality  Criterion  of 
200  ug/1.  Phenols  were  found  in  all  three  wells  in  concen¬ 
trations  ranging  from  21  to  398  ug/1.  Only  well  MW-8  (398 
ug/1)  exceeded  the  taste  and  odor  threshold  of  300  ug/1. 
Only  well  MW-6  contained  oil  and  grease  at  concentrations  of 
1.08  mg/1:  the  taste  and  odor  threshold  for  oil  and  grease 
is  .01  mg/1. 

TOC  (total  organic  carbon)  was  found  in  all  wells  in  concen¬ 
trations  ranging  from  4.1  to  28.4  mg/1 .  Although  there  is 
no  background  sampling  point  for  this  general  indicator  the 
4.1  mg/L  concentration  in  MW-8  was  the  lowest  value  for  any 
of  the  17  wells.  TOX  (total  organic  halogens)  was  found  in 
all  three  wells  in  concentrations  ranging  from  82.9  to  443.9 
ug/1.  The  highest  concentration  occurred  at  MW-7  and  is  al¬ 
so  the  highest  concentration  found  in  any  of  the  15  wells 
sampled  for  TOX.  The  significance  of  the  general  indicator 
parameters  TOC  and  TOX  will  be  discussed  in  Section  4.6. 

4.3.3  Groundwater  Quality  -  Site  No. 3,  Landfill  3 

The  results  of  the  water  quality  analyses  for  wells  MW-9, 
MW-10  and  MW- 11  are  presented  in  Table  4-1.  All  three  wells 
are  downgradient  wells  located  near  the  landfill  toe.  MW-9 
penetrated  waste  material  and  is  screened  in  the  sediments 
below  the  waste.  The  results  of  the  water  quality  analyses 
are  summarized  in  the  following  paragraphs. 

Of  the  metals,  no  lead,  chromium,  cadmium  or  arsenic  was  de¬ 
tected  in  any  of  the  samples.  Copper  was  found  in  all  three 
wells  in  a  range  of  from  50  to  110  ug/1,  which  is  well  below 
ambient  water  quality  criterion  of  1,000  ug/1.  Nickel  was 
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found  in  all  three  wells  in  concentrations  of  100-130  ug/1, 
which  is  above  the  ambient  water  quality  criterion  of  13.4 
ug/1.  Cyanide  was  found  in  wells  MW-10  and  MW-11  at 
Landfill  3  in  concentrations  of  20  and  40  ug/1,  respective¬ 
ly,  well  below  the  Federal  Ambient  Water  Quality  Criterion 
of  200  ug/1.  Phenols  were  found  in  wells  MW-9  (99  ug/1)  and 
MW-10  (9  ug/1)  both  below  the  taste  and  odor  threshold  of 
300  ug/1. 

TOC  (total  organic  carbon)  concentrations  were  highest  in 
MW-9  at  730  mg/1.  This  was  the  highest  value  obtained  for 
any  of  the  17  wells  analyzed  for  TOC.  TOC  levels  for  Wells 
MW-10  and  MW-11  were  15.1  and  17.4  mg/1,  respectively.  TOX 
(total  organic  halogens)  was  found  in  Well  MW-9  at  a  concen¬ 
tration  of  332.1  ug/1,  and  in  MW-10  and  MW-11  at  14.3  and 
16.2  ug/1,  respectively.  The  significance  of  the  general  in¬ 
dicator  parameters  TOC  and  TOX  is  discussed  in  Section  4.6. 

4.3.4  Groundwater  Quality  -  Site  No.  4,  BOMARC  Missile 
Site 
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Samples  from  Wells  MW-16  and  MW-17  at  the  BOMARC  Missile 
Site  were  analyzed  for  TOC,  oil  and  grease,  hydrazine  (a  mis¬ 
sile  fuel  component)  and  nitrates.  The  results  of  these  ana¬ 
lyses  are  presented  in  Table  4-2.  The  water  quality  results 
for  the  BOMARC  site  are  summarized  as  follows. 

TOC  (total  organic  carbon)  was  found  in  concentrations  of 
15.8  mg/1  and  4.7  mg/1 .  These  values  are  in  the  lower  range 
of  results  for  the  17  well  samples  analyzed.  The  signif¬ 
icance  of  results  for  the  general  indicator  TOC  is  discussed 
in  Section  4.6.  Oil  and  grease  was  found  in  levels  above 
the  taste  and  odor  threshold  of  0.01  mg/L:  0.66  mg/1  in 
MW-16  and  0.16  mg/1  in  MW-17.  Nitrate  concentrations  of 
0.88  mg/1  and  8.5  mg/1  were  below  the  primary  drinking  water 
standard  of  10  mg/1.  No  hydrazine  was  detected  in  samples 
from  either  well. 

MW-16  also  had  the  only  alkaline  pH  observed  in  the  wells 
(11.5)  and  a  relatively  high  conductivity  (1660  mhos/cm)  com¬ 
pared  to  all  other  wells  tested  (see  Table  3-5).  This  may 
be  an  indication  of  influence  from  the  acid  neutralization 
pit  or  residual  caustics  from  some  other  aspect  of  past 
operations  at  the  site.. 
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TABLE  4-2  SUMMARY  OF  WATER  QUALITY  ANALYTICAL  RESULTS 

FOR  BOMARC,  BULK  FUEL  STORAGE  AND  FIRE  TRAINING  AREA 
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4.3.5  Surface  Water  Quality  -  Site  No.  5,  Pesticide  Wash 
Area 

The  results  of  the  chemical  analysis  of  stream  samples  taken 
at  the  Pesticide  Wash  area  are  presented  in  Table  4-3.  The 
water  quality  standard  for  maximum  protection  to  human 
health  for  these  compounds  is  zero.  Discussion  of  risk 
based  criteria  is  found  in  Section  4.6.  The  results  of  anal- 
ys ' s  of  sediment  samples  are  also  presented  in  Table  4-3 
ana  these  data  are  discussed  in  Section  4.4.1. 

As  discussed  in  Section  3.2.6,  three  surface  water  samples 
were  taken  from  a  small  stream  gully  that  runs  past  the  pes¬ 
ticide  wash  area  (see  Figure  3-8).  The  samples  were  an¬ 
alyzed  for  pesticides  with  the  following  results. 

Surface  water  sample  SW-1  (adjacent  to  the  wash  area) 
contained  only  DDD  at  0.6  ug/1.  Four  pesticide  compounds 
were  detected  in  SW-2:  dieldrin  (0.17  ug/1),  DDE  (0.18 
ug/1),  DDT  (1.5  ug/1),  and  chlordane  (1.8  ug/1).  SW-2  is 
located  about  100  feet  downstream  of  the  wash  area.  SW-3, 
located  after  the  confluence  of  the  pesticide  area  stream 
and  another  similar  small  stream,  contained  only  DDD  at  a 
concentration  of  0.7  ug/1. 

4.3.6  Groundwater  Quality  -  Site  No.  7,  Fire  Training 
Area 

Samples  from  Wells  MW-14  and  MW-15  at  Fire  Training  Area  1 
were  analyzed  for  TOX,  TOC,  and  oil  and  grease.  MW-15  is 
located  within  the  Fire  Training  Area  (Figure  3-9)  and  MW-14 
is  located  between  the  Fire  Training  Area  and  the  nearby 
stream.  The  results  of  the  water  quality  analyses  are  pre¬ 
sented  in  Table  4-2.  Concentrations  of  oil  and  grease  were 
above  the  taste  and  odor  threshold  of  0.01  mg/1  in  both 
wells:  0.66  mg/1  in  MW-14  and  0.16  mg/1  in  MW-15. 

Concentrations  of  TOC  (total  organic  carbon)  were  5.5  mg/1 
and  7.5  mg/1  for  MW-14  and  MW-15,  respectively. 
Concentrations  of  TOX  (total  organic  halogens)  were  6.3  ug/1 
for  MW-14  and  6.1  ug/1  for  MW-15.  Although  there  were  no 
background  water  quality  sampling  points,  these  TOC  and  TOX 
results  are  in  the  low  range  of  the  wells  sampled.  The  sig¬ 
nificance  of  the  general  indicator  parameters  TOC  and  TOX 
are  discussed  in  Section  4.6 

4.3.7  Groundwater  Quality  -  Site  No.  8,  Bulk  Fuel  Storage 
Area 


The  results  of  the  chemical  analyses  of  water  samples  from 
Wells  MW-12  and  MW-13  are  presented  in  Table  4-2.  The  re- 
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Detection  Limit 
Soils 


suits  of  the  water  quality  analysis  for  the  Bulk  Fuel 
Storage  area  are  summarized  as  follows. 

No  lead,  chromium,  or  cadmium  was  detected  in  either  Well 
MW- 12  or  MW-13.  Nickel  was  found  in  both  wells  in  concentra¬ 
tions  of  130  ug/1  (MW- 12 ) ,  and  160  ug/1  (MW-13);  above  the 
Federal  Ambient  Water  Quality  Criterion  of  13.4  ug/1. 

TOC  (total  organic  carbon)  was  found  in  concentrations  of 
81.5  mg/1  in  MW-12  and  10.5  mg/1  in  MW-13.  The  results  for 
MW- 12  were  in  the  medium  range  for  TOC  of  the  17  well  sam¬ 
ples  analyzed.  TOX  (total  organic  halogens)  were  found  in 
concentrations  of  81.7  ug/1  (MW-12)  and  18.1  ug/1  (MW-13). 
The  results  for  MW-12  were  higher  than  9  of  the  15  samples 
analyzed.  The  significance  of  the  results  for  the  general 
indicator  parameters  TOC  and  TOX  are  discussed  in  Section 
4.6 

Oil  and  grease  was  found  in  concentrations  of  6.37  mg/1  in 
MW-12  and  0.46  mg/1  in  MW-13.  Both  results  are  above  the 
taste  and  odor  threshold  of  0.01  mg/1,  and  the  oil  and 
grease  concentration  in  MW-12  was  the  highest  for  the  17 
groundwater  samples  analyzed. 

4.4  RESULT  OF  SEDIMENT  QUALITY  ANALYSES 

In  addition  to  the  water  quality  testing,  two  sites  were 
evaluated  for  contamination  by  performing  selected  analyses 
on  soils. 

4.4.1  Site  No.  5,  Pesticide  Wash  Area 

4. 4. 1.1  Subsurface  Samples 

As  discussed  in  Section  3. 2. 2. 7,  two  soil  borings  were  com¬ 
pleted  in  the  Pesticide  Wash  area  (Figure  3-8)  to  obtain 
soil  samples  at  discrete  depth  intervals  above  the  water  ta¬ 
ble  (approximately  6  feet).  Soil  samples  from  a  depth  of 
two  feet  in  each  boring  were  analyzed  for  pesticides.  As 
shown  in  Table  4-3,  both  contained  measurable  concentrations 
of  four  compounds.  Since  boring  TB-1  had  significantly  high¬ 
er  concentrations,  an  additional  sample,  at  a  depth  of  5 
feet  was  consequently  analyzed.  These  results  are  also 
shown  on  Table  4-3. 

Of  the  pesticides  found,  DDT  had  the  highest  concentrations: 
110  ug/kg  in  TB-1,  1  *  —  2  '  ;  7.6  ug/kg  in  TB-1,  4  '  —  5  '  ;  and  13 
ug/kg  in  TB-2,  1-2'.  Chlordane  was  found  only  in  TB-1  at  39 
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ug/kg  at  1-2  feet,  and  19  ug/kg  at  4-5  feet.  DDD  was  found 
only  in  TB-2  at  a  concentration  of  13  ug/kg.  DDE  and 
dieldrin  were  also  found  in  all  three  samples  from  the  two 
test  borings  at  concentrations  of  from  2.1  to  4.5  ug/kg  for 
dieldrin  and  1.3  to  9.0  ug/kg  for  DDE. 

4.4.1. 2  Stream  Bottom  Sediment  Samples 

Sediment  samples  from  the  gully  stream  bottom  were  taken  at 
the  same  time  and  at  the  same  locations  as  the  surface  water 
samples  (see  Section  4.3.5).  Sample  locations  are  shown  on 
Figure  3-8.  Pesticide  concentrations  in  the  stream  sed¬ 
iments  were  generally  several  orders  of  magnitude  higher 
than  those  in  the  subsurface  borings.  The  highest  concentra¬ 
tions  were  of  chlordane  from  3,600  to  12,000  ug/kg.  DDD 
ranged  from  430  to  2,800  ug/kg,  and  DDT  ranged  from  360  to 
1,800  ug/kg.  DDE  and  dieldrin  occurred  at  lower  ranges: 
from  20  to  150  ug/kg  for  DDE,  and  40  to  200  ug/kg  for 
dieldrin . 

Pesticide  concentrations  vary  only  slightly  from  SS-1  adja¬ 
cent  to  the  wash  area,  to  SS-2,  100  feet  downstream  of  the 
wash  area.  Although  there  is  a  greater  drop  in  pesticide 
concentration  between  SS-2  and  SS-3,  levels  in  SS-3  are 
still  relatively  high  compared  to  levels  found  in  the  subsur¬ 
face  samples. 


4.4.2  Site  No. 


DPDO  Storage  Area 


Soil  samples  from  the  one  to  two  foot  depth  interval  from 
the  five  borings  at  the  DPDO  Storage  Area  were  submitted 
for  analyses  of  PCB,  and  oil  and  grease.  The  results  of  the 
analysis  of  these  samples,  mostly  fine  to  medium  sands,  is 
presented  in  Table  4-4.  The  location  of  the  sampling  points 
is  shown  on  Figure  3-4.  Three  samples  from  the  one  to  two 
foot  interval  in  borings  TB-3,  TB-5  and  TB-7  had  measureable 
total  PCB  (arochlor  1242,  1254,  1221,  1232,  1248,  1206, 
1016)  in  concentrations  of  24  ug/kg  (TB-3)  to  30  ug/kg  (TB- 
5)  and  14  ug/kg  (TB-7).  Oil  and  grease  concentrations  were 
found  in  all  five  1-2  foot  samples  in  concentrations  ranging 
from  617  mg/kg  (TB-7)  to  6,360  mg/kg  (TB-3).  All  PCB  levels 
detected  were  well  below  the  USEPA  Action  Level  of  50  mg/kg. 


Based  on  concentrations  of  oil  and  grease  in  the  1-2  foot 
depth  samples,  additional  analyses  were  performed  on  samples 
at  the  4-5  foot  depth  interval  and  the  top  of  the  water  ta¬ 
ble  (approximately  17  feet).  The  results  of  these  analyses 
are  also  presented  in  Table  4-4. 


TABLE  4-4 


SUMMARY  OF  SOILS 

ANALYTICAL  RESULTS  FOR  THE  DPDO  S'lORAGE  AREA 


Location 

Bor ing 
No. 

DPDO  TB-3 

Loading  and  Drum  TB-3 

Storage  Area 

"  TB-3 

"  TB-4 

"  TB-4 

"  TB-4 

DPDO,  Buried  TB-5 

Tank  Area 

"  TB-5 

"  TB-5 

"  TB-6 

"  TB-6 

"  TB-6 

"  TB-7 

"  TB-7 

"  TB-7 

DETECTION  LIMIT 


Depth 
(ft.  ) 

Oil  & 
Grease 
(mg/kg ) 

PCB 

(as  1261 
(ug/kg) 

1-2 

6360.0 

24 

4.5-6 

31.4 

<10 

15-16 

53.5 

<10 

1-2 

132.0 

<10 

4-5 

20.8 

— 

14.5-16 

17.5 

— 

1-2 

3430.0 

30 

4-5 

234,000.0 

<10 

14.5-16 

149.0 

<10 

1-2 

1,454.0 

<10 

4-5 

25,400.0 

<10 

14.5-16 

97.5 

<10 

1-2 

617.0 

14 

4-5 

16,600.0 

<10 

16-18 

112.0 

10 

0.1 

10 

In  all  samples  below  two  feet  analyzed,  no  PCB  was  detected. 
Oil  and  grease  were  found  in  all  of  the  deeper  samples  an¬ 
alyzed.  Concentrations  of  oil  and  grease  in  the  borings  ad¬ 
jacent  to  the  buried  tank  (TB-5,  TB-6  and  TB-7)  were  highest 
at  the  4-5  foot  depth  interval  (16,000  to  234,000  mg/kg)  and 
dropped  off  to  from  97  to  149  mg/kg  at  16  feet.  The  high 
concentrations  at  the  intermediate  depth  are  probably  associ¬ 
ated  with  leakage  from  the  buried  tank.  Oil  and  grease  con¬ 
centrations  at  the  drum  storage  area  (TB-3  and  TB-4 )  are 
much  lower  at  depth  (17.5  mg/kg  -  53.5  mg/kg)  than  in  the  1- 
2  foot  interval  reflecting  a  surface  source  of 
contamination. 

4.5  GEOPHYSICAL  SURVEY  RESULTS 

Both  the  magnetometer  and  GPR  surveys  produce  results  which 
require  individual  interpretations.  The  interpretations  of 
the  data  is  enhanced  by  comparing  the  results  of  each  meth¬ 
od.  The  inherent  limitations  of  any  single  technique  of  re¬ 
mote  sensing  can  be  lessened  by  cross-referencing  two  or 
more  geophysical  techniques.  The  following  subsections  de¬ 
scribe  the  results  of  the  geophysical  survey. 

4.5.1  Magnetometer 


Figure  4-5  shows  the  magnetic  anomaly  contour  map  developed 
from  the  vertical  magnetic  intensities  obtained  on  20 
October  1983.  WESTON  used  a  Radian  CPS-1  computer  graphic 
contour  plotting  system  to  construct  the  contour  solutions 
for  the  node  locations  surveyed. 

When  the  magnetic  contour  map  exhibits  an  exaggerated  areal 
magnetic  variation,  then  a  more  complex  and  extended  source 
is  suspected.  According  to  Heiland  (1939)  there  should  be 
no  railroad  tracks  within  125  yd,  no  automobiles  with  30 
yds,  and  no  wire  fencing  (particularly  in  the  north-south  di¬ 
rection)  within  35  yds.  Power  lines,  culverts,  and  build¬ 
ings  should  be  avoided.  Therefore  similar  conditions 
existing  within  the  CC  compound,  (i.e.  mobile  generators  and 
construction  vehicles,  angle  iron  and  building  materials, 
and  a  cyclone  fence  paralleling  the  Southern  boundary)  may 
be  responsible  for  interferences  within  the  normal  field  and 
subsequently  greatly  exaggerate  areal  magnetic  variations. 
An  examination  of  Figure  4-5  reveals  exaggerated  contour  gra¬ 
dients  at  Building  No.  3469,  and  at  the  concrete  pad  in  the 
southeastern  portion  of  the  site.  This  condition  character¬ 
istically  exemplifies  interferences  within  the  normal  magnet- 
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FIGURE  4-5  CIVIL  ENGINEERING  COMPOUND  •  MAGNETIC  ANOMALY  CONTOUR  MAP 


ic  field  induced  by  these  two  sources.  However,  at  distance 
from  these,  and  other  contributing  interference  sources,  cer¬ 
tain  generalized  anomalies  are  apparent.  These  anomalies 
may  represent  the  shapes  of  magnetic  force  fields  generated 
by  buried  magnetic  bodies.  Magnetic  highs  and  lows  are  ex¬ 
hibited  by  mounds  and  depressions,  respectively,  in  the  con¬ 
tour  gradient.  Typical  examples  of  three  mounds  are  evident 
at  approximate  node  locations  7+12,  16+12,  and  28+15. 
Magnetic  depressions  are  apparent  at  approximate  node  loca¬ 
tions  12+12  and  18+5  and  are  represented  by  solid  lines. 

4.5.2  Ground  Penetrating  Radar 

Figure  4-6  represents  an  interpretive  subsurface  plot  map  of 
the  Civil  Engineering  Compound.  This  figure  depicts  the  var¬ 
ious  subsurface  phenomena  encountered  by  the  GPR. 
Individual  targets  were  prioritized  as  either  high  or  low 
depending  upon  the  density  and  geometric  configuration  of 
the  profile  signature.  These  highly  suspect  targets  are 
plotted  on  Figure  4-6. 


High  priority  targets  were  extremely  good  signal  reflectors 
exhibiting  a  dense,  parabolic  signature.  This  type  of  signa¬ 
ture  is  characteristic  of  rounded  objects  such  as  pipes, 
boulders,  or  drums.  In  contrast,  the  signatures  produced  by 
the  low-priority  targets  were  characteristically  less  dense 
and  variable  in  geometric  configuration.  Occasionally  this 
signature  difference  is  a  result  of  the  orientation  of  the 
buried  object  with  respect  to  the  antenna  traverse,  (ie:  A 
buried  drum  in  a  vertical  plane  with  the  ground  surface,  typ¬ 
ically  exhibits  a  hyperbolic  signature.) 

Figure  4-6  also  shows  areas  of  disturbed  sub-soil  and 
suspected  trench  locations.  The  plots  of  these  phenomenon 
are  a  result  of  the  collective  interpretations  of  the  GPR 
profiles.  What  appears  to  be  a  buried  electrical  utility  or 
conduit  was  encountered  between  grid  nodes  24  +  27,  and  23  + 
21. 

4.5.3  Summary  of  Geophysical  Findings 

When  the  magnetic  anomoly  map  is  superimposed  upon  the  GPR 
plot  map,  similar  subsurface  trends  are  reflected.  Most  of 
the  suspect  trench  and  the  disturbed  soil  areas  are  charac¬ 
terized  by  magnetically  high  contours.  Individual  targets 
are  represented  by  varying  magnetic  contours  and  can  only  be 
located  with  some  degree  of  confidence  from  the  GPR  plot 
map.  The  contrast  between  the  two  types  of  data  may  be  a  re- 


FIGURE  4*6  CIVIL  ENGINEERING  COMPOUND  -  INTERPRETIVE  MAP  OF 
SUBSURFACE  CONDITIONS  BASED  ON  GEOPHYSICAL  DATA 


suit  of  the  variable  magnetic  interferences  cited  in  section 
4.5.1.  All  subsurface  features  detected,  such  as  trenches, 
disturbed  soils,  utilities,  and  suspected  targets  are  plot¬ 
ted  on  figure  4.6.  A  1962  aerial  photograph  shows  the  CE 
compound  as  a  black  top  surface.  However,  in  a  1950  aerial 
photograph  the  compound  is  unpaved.  Soil  excavation  was 
occuring  and  certain  boundaries  existing  in  that  photo  do 
correlate  with  the  GPR  plot  map. 

4.6  SIGNIFICANCE  OF  FINDINGS 

4.6.1  Water  Quality  -  General 

The  principal  objective  of  the  Phase  II  Confirmation  Study 
was  to  determine  whether  past  hazardous  waste  operations  or 
disposal  practices  had  resulted  in  environmental 
degradation.  The  analytical  results  of  the  Phase  II  study 
represent  a  single  round  of  sampling  at  selected  surface  wa¬ 
ter  quality  stations  and  newly  installed  monitor  wells.  The 
conclusions  drawn  from  this  information  should  be  evaluated 
with  this  understanding. 

Groundwater  and  surface  water  quality  results  are  in  Tables 
4-1,  4-2,  4-3,  and  4-4.  Appendix  H  includes  all  analytical 
results  from  monitoring  the  Phase  II  sites.  Appendix  I  con¬ 
tains  a  complete  listing  of  Federal  and  State  drinking  water 
and  human  health  standards,  criteria,  and  guidelines  applica¬ 
ble  in  the  State  of  New  Jersey. 

On  November  28,  1980,  the  U.S.  Environmental  Protection 
Agency  issued  criteria  for  64  toxic  pollutants  or  pollutant 
categories  which  could  be  found  in  surface  waters.  The  cri¬ 
teria  established  recommended  maximum  concentrations  for 
acute  and  chronic  exposure  to  these  pollutants  by  both 
humans  and  aquatic  life.  The  derivation  of  these  exposure 
values  was  based  upon  cancer  risk,  toxic  properties,  and 
organoleptic  properties. 

The  limits  set  for  the  cancer  risk  are  not  based  upon  a  safe 
level  for  carcinogens  in  water.  The  criteria  state  that  for 
maximum  protection  for  human  health,  the  concentration 
should  be  zero.  However,  where  this  cannot  be  achieved,  a 
range  of  concentrations  corresponding  to  incremental  cancer 
risks  of  from  1  to  10  million  to  1  in  100,000  was  presented 
(10-/  to  10-^  ) . 

Toxic  limits  were  established  at  levels  for  which  no  adverse 
effects  would  be  produced.  These  are  the  health  related  lim- 
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In  addition  to  the  cancer  risk  assessment  criteria,  the  U.S. 
EPA  Office  of  Drinking  Water  provides  advice  on  health  ef¬ 
fects  upon  request,  concerning  unregulated  contaminants 
found  in  drinking  water  supplies.  This  information  suggests 
the  level  of  a  contaminant  in  drinking  water  at  which  ad¬ 
verse  health  effects  would  not  be  anticipated  with  a  margin 
of  safety;  it  is  called  a  SNARL  (Suggested  No  Adverse 
Response  Level).  Normally  values  are  provided  for  one-day, 
10-day  and  longer-term  exposure  periods  where  available  data 
exists.  A  SNARL  does  not  condone  the  presence  of  a  contam¬ 
inant  in  drinking  water,  but  rather  provides  useful  informa¬ 
tion  to  assist  in  the  setting  of  control  priorities  in  cases 
when  they  have  been  found. 

SNARLS  are  not  legally  enforceable  standards.  They  are  not 
issued  as  an  official  regulation,  and  they  may  or  may  not 
lead  ultimately  to  the  issuance  of  a  national  standard  or 
Maximum  Contamination  Level  (MCL).  The  latter  must  take  in¬ 
to  account  occurrence  and  relative  source  contribution  fac¬ 
tors,  in  addition  to  health  effects.  It  is  quite 
conceivable  that  the  concentration  set  for  SNARL  purposes 
might  differ  from  an  eventual  MCL.  The  SNARLS  may  also 
change  as  additional  information  becomes  available.  In 
short  SNARLs  are  offered  as  advice  to  assist  those  who  are 
dealing  with  specific  contamination  situations  to  protect 
public  health. 

The  above  information  concerning  SNARLs  was  taken  directly 
from  guidance  documentation  authorized  by  the  EPA  and  made 
available  to  WESTON.  The  SNARLs  levels  for  various  com¬ 
pounds  were  also  used  in  evaluating  the  results  of  ground 
and  surface  water  sampling. 

4.6.2  Water  Quality  at  McGuire  AFB 

The  applicable  guidelines  for  water  quality  analyses  conduct¬ 
ed  at  McGuire  AFB  are  summarized  in  Table  4-5,  with  detailed 
reference  material  included  in  Appendix  I.  No  standards  ex- 
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TABLE  4-5 

COMPARISON  OF  McGUIRE  WATER  QUALITY  RESULTS 
WITH  APPLICABLE  STANDARDS  GUIDELINES  AND  CRITERIA 


Detected 

Water  Quality 

Reference 

Parameters 

Standard  * 

TOX 

None 

General  Indicator. 

TOC 

None 

General  Indicator. 

Oil  &  Grease 

10  ug/1 

Taste  and  odor  threshold. 

Cyanide 

100  ug/1 

Federal  Primary  Drinking 

Water  Standards. 

Phenol 

300  ug/1 

Taste  and  odor  threshold. 

Copper 

1,000  ug/1 

Federal  Ambient  Water  Criterion 

Nickel 

13.4  ug/1 

Federal  Ambient  Water  criterion 

Arsenic 

50  ug/1 

Federal  Ambient  Water  Criterion 

Lead 

50  ug/1 

Federal  Primary  Drinking 

Water  Standards 

Nitrates 

10  ug/1 

Federal  Primary  Drinking 

Water  Standards 

Hydrazine 

None 

None 

DDT 

0 

Federal  Water  Quality 

DDE 

0 

Criterion.  Non- threshhol d. 

DDD 

0 

Dieldr in 

0 

Assumption  level.  Other 
criteria  are  based  on  a 

ChlordAne 

0 

determined  health  risk  factor. 
(Appendix  I ) . 

★ 

See  Appendix 

I  for  a  discussion 

of  these  criteria. 
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ist  for  the  general  indicator  parameters  TOC  (total  organic 
carbon)  and  TOX  (total  organic  halogens).  Because  more  than 
half  of  the  EPA  list  of  volatile  organic  Priority  Pollutants 
are  halogenated,  the  TOX  parameter  provides  a  method  of 
screening  samples  for^these  contaminants  before  proceeding 
to  specific  analyses.  (Harper,  1984) 

Of  the  metals  included  in  the  analyses  of  ground-water  sam¬ 
ples,  only  nickel  was  found  in  concentrations  exceeding 
the  Federal  ambient  water  criterion  (13.4  ug/1).  Nickel  was 
found  in  all  samples  in  ranges  of  from  100  to  170  ug/1  (the 
detection  limit  was  100  ug/1). 

Oil  and  grease  was  found  in  13  of  the  17  wells  and  at  all  of 
the  sites  at  concentrations  above  the  taste  and  oder  thresh¬ 
old  of  0.01  mg/1.  The  remaining  4  samples  had  no  detectable 
oil  and  grease  at  0.01  mg/1,  the  detection  limit  for  this 
program. 

The  major  potential  ground-water  contaminants  indicated  by 
the  available  data  are  organic  halogens.  TOX  levels  ranged 
from  5.1  to  443.9  ug/1  in  14  of  the  15  wells  sampled  (BOMARC 
site  samples  were  not  analyzed  for  TOX).  Four  samples 
exceeded  100  ug/1  and  six  samples  had  concentrations  ranging 
from  10  to  100  ug/1.  Each  landfill  area  (Zone  1,  Landfills 
2  and  3)  had  at  least  one  well  with  TOX  concentrations 
exceeding  100  ug/1.  MW-12  at  the  bulk  fuel  storage  area  had 
TOX  concentrations  at  81.7  ug/1.  The  fire  training  area 
wells  had  the  lowest  TOX  levels  -  6.1  and  6.3  ug/1. 

(JSEPA  water  quality  criteria  for  Human  Health  have  been  sat 
for  numerous  compounds  falling  within  the  group  contributing 
to  TOX  levels.  Most  of  these  standards  are  in  the  range  of 
1  ug/1  or  less.  Thus  TOX  concentrations  in  the  well  samples 
from  McGuire  AFB  indicate  a  high  probability  that  these 
health  criteria  are  exceeded  in  the  case  of  one  or  more 
compounds . 

4.6.3  Soil  Contamination  at  McGuire  AFB 

With  the  exception  of  a  USEPA  action  level  of  50  mg/kg  for 
PCB,  there  are  currently  no  quality  standards,  guidelines, 
or  criteria  for  soil  quality  regarding  the  majority  of  con¬ 
taminants.  For  clean-up  purposes  target  concentrations  for 
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specific  contaminants  are  usually  established  on  a  case-by¬ 
case  basis  by  the  regulatory  agency  having  jurisdiction. 

4 . 6 . 3 . 1  Site  No.  5,  Pesticide  Wash  Area 

The  pesticide  levels  observed  in  the  subsurface  soil  samples 
at  the  pesticide  wash  area  are  not  considered  by  WESTON  to 
be  a  factor  of  concern.  Aqueous  solubilities  of  these  com¬ 


pounds  are  low  and  the  impact  on  ground-water  quality 
beneath  the  site  should  be  minimal.  Levels  of  chlordane, 
DDT  and  DDE  in  excess  of  1,000  ug/kg  in  tne  stream 
sediments,  however,  show  that  some  offsite  migration  of 
contaminated  sediments  has  occurred.  The  relatively  low 
concentrations  of  pesticides  in  the  stream  water  indicates 
that  the  contaminants  are  migrating  principally  by  sediment 
transport.  The  farthest  downstream  sampling  point  contained 
significant  concentrat ions  of  pesticide  compounds,  so  that 
it  was  not  determined  how  far  downstream  the  contaminated 
sediments  have  been  carried.  The  stream  that  passes  the 
pesticide  wash  area  flows  to  South  Run,  which  exits  the 
installation  to  the  east. 


4.6. 3.2  DPDO  STORAGE  AREA 


The  distribution  of  PCB  in  the  soils  analyzed  from  the  DPDO 
facility  indicate  that  PCB  only  occurs  in  near-surface  sam¬ 
ples  (1-2  feet)  and  were  not  found  at  depth.  PCB  was  found 
in  3  borings  at  very  low  concentrations  of  from  14  to  30 

ug/kg:  TB-3  in  the  drum  storage  area,  and  TB-5  and  TB-7 

near  the  buried  tank  location  in  the  storage  yard,  where 
transformers  were  stored  in  the  past. 

PCB  was  not  found  at  depth  and  appears  to  be  limited  to 

near-surface  soils.  Oil  and  grease  concentrations  were 

found  at  all  depths  and  highest  at  depths  of  4-5  feet  in  the 
buried  tank  area  (16,000  -  234,000  mg/kg)  and  1-2  feet  at 

the  drum  storage  area  (132  -  6360  mg/kg).  While  the  PCB  in 
near  surface  soils  appears  limited  and  probably  associated 
with  past  storage  of  transformers,  the  oil  and  grease 
appears  related  to  surface  drum  storage  and  the  buried 
storage  tank.  It  does  not  appear  that  the  waste  oil  from 
the  buried  storage  tank  contained  PCB. 

4.6.4  CONCLUSIONS 

Based  on  the  results  of  the  Phase  II  Conformation  Study  at 
McGuire  Air  Force  Base,  the  following  key  conclusions  have 
been  drawn: 
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Groundwater  directly  beneath  McGuire 
AFB  and  the  BOMARC  Missile  Site  occurs 
at  water  table  conditions  with  the  wa¬ 
ter  table  occurring  from  1  to  25  feet 
below  ground  surface.  Sediments  encoun¬ 
tered  during  the  drilling  consisted  of 
interbedded  fine  to  medium  sands,  silts 
and  clays  of  the  Kirkwood  and  Cohansey 
Formations . 


Regional  ground  water  flow  in  the 
Cohansey  and  Kirkwood  Formations  is  gen¬ 
erally  down  formational  dip  to  the 
southeast.  However,  most  of  the  flow 
in  the  upper  aquifer,  where  the  monitor¬ 
ing  wells  are  screened,  is  lateral  to¬ 
ward  local  streams  where  discharge 
occurs . 

The  fate  of  contaminants  infiltrating 
from  the  landfills  to  the  water  table 
is  to  move  laterally  toward  the  streams 
where  discharge  occurs.  Given  the  per¬ 
meability  of  the  sediments,  the  ages  of 
the  landfills,  and  the  proximity  of  the 
landfills  to  surface  streams,  this  lat¬ 
eral  migration  occurs  fairly  rapidly 
and  ground-water  contaminant  plumes,  as 
observed  in  the  well  water  quality  ana¬ 
lyses,  have  already  reached  the  surface 
water  discharge  areas. 

The  most  immediate  potential  for  migra¬ 
tion  of  contaminants  off-Base  is  from 
the  landfill  generated  contaminants 
reaching  North  Run  and  South  Run 
through  the  ground  water.  These 
streams  both  leave  Base  property  a 
short  distance  from  where  they  pass  the 
landfills. 

TOX  (Total  Organic  Halogens)  were  found 
in  concentrations  in  excess  of  100  ug/1 
in  at  least  one  well  at  each  of  the 
three  landfill  sites.  TOX  concentra¬ 
tions  were  18.1  and  81.7  ug/1  in  the 
Bulk  Storage  Area  wells  and  6.1  and  6.3 
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ug/l  in  the  Fire  Training  Area  wells. 
These  results  indicate  the  possible 
presence  of  elevated  levels  of  one  or 
more  specific  organic  priority  pollut¬ 
ants  in  the  ground  water  at  these 
sites . 

6.  Concentrations  of  oil  and  grease  in  ex¬ 

cess  of  the  taste  and  odor  threshold 
were  found  at  all  but  4  wells  and  at 
all  sites  where  ground  water  was 

monitored. 

7.  Concentrations  of  five  pesticide  com¬ 
pounds  were  found  in  soils  at  the 
Pesticide  Wash  Area.  The  migration  of 
pesticides  vertically  into  the  subsoil 
appears  slight.  However,  levels  of 
DDT,  DDE  and  chlordane  in  excess  of 
1,000  ug/kg  were  found  in  the  stream 
sediments  downstream  of  the  site.  This 
indicates  that  off-site  migration  of 
pesticides  is  occurring  by  surface  sed¬ 
iment  transport.  Pesticide  concentra¬ 
tions  in  surface  waters  were  in  excess 
of  1  ug/l  in  only  one  stream  sample 
(SW-2).  Because  of  low  solubilities, 
the  compounds  are  remaining  adsorbed  in 
the  sediments.  The  stream  flowing  past 
the  Pesticide  Wash  Area  is  not  close  to 
a  Base  boundary,  although, the  extent  of 
the  pesticide  occurence  in  down  stream 
sediments  is  not  known. 

8.  Soil  boring  samples  at  three  depth  in¬ 
tervals  from  the  DPDO  Storage  Area  were 
analyzed  for  oil  and  grease  and  PCB. 
PCB  was  found  in  the  drum  storage  area 
and  buried  tank  area  in  the  1-2  foot 
depth  samples  from  three  borings: 
TB-3,  TB-5,  and  TB-7.  PCB  was  detected 
in  concentrations  of  14-30  ug/kg,  well 
below  the  USEPA  action  level  of  50 
ug/kg. 

9.  The  results  of  the  geophysical  investi¬ 
gation  of  the  Civil  Engineering 
Compound,  combined  with  the  examination 


mmm 


SECTION  5 
ALTERNATIVES 


5 . 1  GENERAL 

The  principal  goal  of  this  Phase  II  Confirmation  Stage  1 
Study  at  McGuire  AFB  was  to  determine  whether  or  not 
environmental  degradation  was  occurring  as  a  result  of  past 
practices  of  materials  handling  at  the  installation.  The 
results  presented  in  Section  4  confirm  that  each  of  the  8 
sites  where  environmental  sampling  was  comoleted  has 
affected  the  quality  of  groundwater,  surface  water,  or  soils 
in  their  immediate  area.  In  addition,  the  results  of  the 
geophysical  investigation  at  the  Civil  Engineering  Storage 
Area  indicates  that  metallic  waste,  such  as  drums  may  be 
buried  on  site.  These  preliminary  findings  presented  in 
Section  4  require  additional  verification  which  is  discussed 
in  Sections  5  (Alternatives)  and  6  (Recommendations). 


The  evaluation  of  remedial  action  alternatives  is  not  part 
of  this  scope  of  work.  The  alternative  measures  discussed 
below  focus  on  the  problem  definition  aspects  of 
environmental  contamination  at  McGuire  AFB.  The  problem 
definition  approach  itself  is  based  on  the  need  to  provide  a 
basis  for  possible  future  remedial  action.  The  alternative 
actions  to  be  discussed  fall  into  the  following  categories: 


Actions 

1.  Quantification  Stage 
Water  Monitoring  at 
Existing  Wells 

2.  Expanding  the  Groundwater 
Monitoring  Network  and 
Surface  Water  Sampling 
Points 

3.  Additional  Soil  Sampling 
and  Analyses 


Site 

All  Sites 


Zone  1,  Landfills  2  &  3, 
Fuel  Storage  Area 


Civil  Engr.  Compound 
Pesticide  Waste  Area, 
DPDO  Area 


4.  Preliminary  Concept 

Engineering  Evaluation 


Zone  1,  Landfills  2  &  3 


These  alternative  measures  are  discussed  site  by  site  in  the 
following  sections.  Based  on  these  possible  alternative 
actions,  specific  recommendations  are  presented  in  Section 

6. 


5.1.1 


Zone  1  Alternatives 


All  of  the  existing  wells  in  Zone  1  (Landfills  4,  5,  6  and 
the  Sludge  Disposal  Site)  contain  measurable  levels  of 
potential  contaminants.  Because  there  are  a  variety  of 
potential  sources,  and  the  analytical  parameters  and 
sampling  locations  were  limited,  alternative  actions  in  zone 
1  need  to  address  the  identification  of  specific 
contaminants  and  the  boundaries  of  groundwater  contamination 
at  the  site.  Additional  wells  are  required  to  define  the 
extent  of  the  groundwater  contamination  in  the  upper  aquifer 
and  upgradient  (background)  monitoring  points  need  to  be 
established.  A  verification  stage  analysis  should  be 
performed  on  samples  from  the  existing  wells  to  provide  key 
indicators  for  sampling  the  expanded  well  network.  Stream 
sampling  points  should  also  be  established  for  locations 
along  South  Run  to  establish  the  impact  on  surface  water 
quality. 

Landfill  4  is  the  largest  and  oldest  landfill  in  Zone  1.  It 
has  the  highest  probability  of  containing  Priority  Pollutant 
compounds.  In  addition,  the  water  table  appears  high  in  the 
area  around  Landfill  4.  The  depth  to  the  water  table  and 
the  thickness  of  waste  should  be  identified  by  a  geophysical 
survey  and  soil  borings  in  order  to  enable  future  remedial 
action  assessment  for  the  Landfill. 


5.1.2  Site  No.  2,  Landfill  2, 


Alternatives 


and  Site  No 


Landfill 


Landfills  2  and  3  have  similar  histories  and  are  similarly 
located  along  North  Run.  The  confirmation  study  included 
the  installation  of  3  monitoring  wells  at  each  site  and  the 
sampling  of  those  wells  for  a  similar  suite  of  parameters. 
The  results  of  the  chemical  analyses  of  groundwater  samples 
from  both  sites  was  similar.  TOX,  in  particular,  was 
relatively  high  in  several  wells  from  both  sites. 
Groundwater  flow  was  also  similar  at  the  two  sites;  the 
upper  water  table  is  toward  North  Run,  which  is  a  line  of 
groundwater  discharge.  Additional  investigation  of  the  two 
sites  should  therefore  involve  the  same  steps. 
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Initially,  additional  investigation  at  Landfills  2  and  3 
should  include  a  resampling  of  the  existing  wells  to  verify 
the  first  round  of  analytical  results.  At  both  Landfills  2 
and  3  there  is  large  drop  in  hydraulic  head  between  the 
wells  and  North  Run,  which  indicates  possible  groundwater 
mounding  caused  by  the  landfill.  There  could  thus  be  a 
component  of  groundwater  flow  and  contaminant  migration  away 
from  North  Run  on  the  back  side  of  the  landfills.  In  the 
case  of  Landfill  3,  this  is  toward  the  Base  boundary  that  is 
adjacent  to  the  landfill.  Monitoring  wells  should  be 
located  on  the  opposite  sides  of  the  landfills  from  the 
existing  wells  to  assess  these  possibilities. 


In  addition,  production  well  "A",  located  adjacent  to 
Landfill  2  and  the  drum  storage  area,  should  be  sampled. 
This  is  a  deep  well,  but  its  isolation  from  surface 
contamination  should  be  confirmed. 


5.1.3  Site  No  4,  BOMARC  Missile  Site  Alternatives 

A  verification  round  of  sampling  and  analysis  should  be 
accomplished,  with  volatile  organic  compounds  and  xylene 
added  to  the  list  of  analytes.  Negative  results  for  these 
compound-specific  analyses  would  result  in  deleting  the  site 
from  future  concern. 


5.1.4  Site  No. 


Pesticide  Wash  Area  Alternatives 


The  analyses  of  subsurface  and  stream  sediments  and  stream 
water  samples  at  the  Pesticide  Wash  Area  indicates  that  the 
principal  contaminant  migration  path  for  pesticide  compounds 
is  in  sediments  washed  down  to  the  stream  from  the  site,  and 
then  transported  by  the  stream.  Additional  sampling  and 
analysis  of  the  stream  sediments  at  down-stream  locations  is 
necessary  to  determine  the  extent  of  contaminated  sediment 
transport.  An  up-stream  sampling  point  also  needs  to  be 
established  to  determine  background  sediment  quality. 
Specific  sampling  recommendations  are  made  in  Section  6. 

5.1.5  Site  No.  6,  DPDO  Storage  Facility  Alternatives 

PCB  was  detected  in  shallow  boring  samples  only  (1-2  feet) 
in  the  drum  storage  area  and  within  the  fence  line  of  the 
main  storage  yard.  Although  PCB  has  apparently  not  migrated 
deep  into  the  soil,  the  areal  extent  of  soil  contamination 
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is  not  known  and  would  need  to  be  confirmed  by  a  program  of 
sampling  and  analysis  of  surface  soils  in  this  area.  In 
contrast,  oil  and  grease  were  found  throughout  the  soil 
column.  The  source  appears  to  be  surface  leakage  in  the 
drum  storage  area,  and  subsurface  leakage  in  the  buried  tank 
area.  Surface  soil  sampling  should  be  adequate  to  identify 
the  extent  of  oil  and  grease  contamination  in  the  drum 
storage  area. 

Since  the  contaminants  from  the  DPDO  area  may  be  reaching 
the  groundwater,  a  monitoring  well  would  be  required 
between  the  storage  yard  and  North  Run  to  intercept  possible 
contaminants  in  the  groundwater.  Specific  recommendations 
for  soil  sampling  and  monitoring  well  installation  are 
presented  in  Section  6. 

5.1.6  Site  No.  7,  Fire  Traininq  Area  1  Alternatives 

The  Fire  Training  Area  1  has  not  been  in  use  since  the  early 
1950 's.  It  is  located  on  permeable  soils  and  no  obvious 
soil  contamination  is  evident  at  the  surface,  other  than 
slight  staining  in  some  places.  TOX  concentrations  in  the 
wells  sampled  were  among  the  lowest  observed.  In  addition, 
the  site  is  in  the  center  of  the  Base  at  distance  from  the 
installation  boundary.  Therefore,  additional  investigation 
should  be  limited  to  verifying  the  water  quality  results 
already  reported  by  conducting  an  additional  round  of 
sampling.  Identification  of  volatile  organic  Priority 
Pollutants  (VOA)  should  also  be  considered. 

5.1.7  Site  No,  8,  Bulk  Fuel  Storage  Area  Alternatives 

At  the  existing  two  wells  at  the  Bulk  Fuel  Storage  Area, 
another  round  of  groundwater  samples  should  be  taken  to 
verify  the  existing  analytical  results.  In  addition, 
analysis  of  these  wells  for  specific  organic  Priority 
Pollutant  compounds  is  required  to  determine  the 
significance  of  the  TOX  concentrations  observed  in  the  first 
sampling  rounds. 


It  has  been  WESTON's  experience  that  unknown  or  undocumented 
leakages  occur  in  storage  tanks  and  service  lines  of  bulk 
fuel  storage  areas  such  as  the  one  at  McGuire  AFB. 
Therefore,  the  possibility  of  groundwater  contamination  from 
these  sources  is  frequently  not  identified  in  routine 
records  searches.  Since  the  two  monitoring  wells  already 


installed  cover  only  a  small  portion  of  the  site,  additional 
monitoring  wells  are  required  to  monitor  groundwater  flow 
across  the  entire  site.  Specific  recommendations  for 
groundwater  sampling  and  monitor  well  installation  are 
presented  in  Section  6. 


5.1.8  Site  No. 

Alternatives 


Civil 


Engineerinc 


Compound 


The  results  of  the  geophysical  survey  have  confirmed 
historical  information  indicating  that  the  area  has  been 
disturbed  in  the  past  and  that  barrels  and  other  wastes  may 
be  buried  there.  A  verification  study  should  be  conducted 
to  determine  the  nature  of  the  identified  anomalies.  A 
series  of  test  pits  would  be  required  at  locations 
determined  by  the  geophysical  survey  to  locate  buried 
barrels,  if  present,  monitor  excavations  for  organic  vapors, 
and  sample  potential  contaminated  soils  and  waste  material. 

The  verification  investigation  would  be  followed,  if 
necessary,  with  a  Quantification  Stage  investigation  to 
determine  the  amount  of  buried  waste  present  and  its  impact 
on  groundwater  quality.  This  level  of  investigation,  if 
required,  would  involve  additional  soil  borings  or  test  pits 
and  the  installation  of  groundwater  monitoring  wells  ,  if 
the  risk  of  groundwater  contamination  is  determined. 


SECTION  6 


RECOMMENDATIONS 


6.1  GENERAL 

The  findings  of  the  Phase  II  Confirmation  Study  at  the  nine 
sites  at  McGuire  AFB  and  the  BOMARC  Missile  Site  indicate 
the  need  for  follow-up  investigation  which  should  include 
the  following: 

1.  General  verification  of  the  results  of  the 
first  round  of  water  quality  sampling. 

2.  An  expanded  monitoring  and  sampling  program 
with  an  emphasis  on  determining  the  nature 
and  extent  of  contamination  by  Priority 
Pollutants . 

6.1.1  Zone  1 


The  following  additional  work  is  recommended  for  the  Zone 
Area  (Landfills  4,  5,  6  and  the  Sludge  Disposal  Area). 

1.  An  additional  round  of  samples  should  be  tak¬ 
en  from  existing  wells  MW-1  through  MW-5  to 
verify  the  results  obtained  from  the  first 
sampling  round.  Samples  from  all  five  wells 
should  also  be  analyzed  for  USEPA  Priority 
Pollutant  volatile  organic  compounds  and 
landfill  leachate  indicator  parameters  such 
as  nitrates,  iron,  ammonia-nitrogen  and  bo¬ 
ron.  In  addition,  samples  from  MW-3  should 
be  analyzed  for  USEPA  Priority  Pollutant 
acid  and  base/neutral  compounds  and  pesti- 
cide/PCB  compounds.  Three  surface  water 
samples  should  be  taken  along  South  Run  up¬ 
stream  of  Zone  1,  downstream  of  the  small 

tributary  passing  by  MW-3  and  downstream  of 
the  waste  treatment  plant.  These  samples 
should  be  analyzed  for  the  same  parameters 
as  the  5  well  samples. 
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2.  A  Ground  Penetrating  Radar  survey  should  be 
performed  on  LandfiLl  No.  4  to  determine 
boundaries,  depth,  and  possible  buried  bar¬ 
rel  nests.  The  investigation  should  be  fol¬ 
lowed  by  10  soil  borings  in  Landfill  4  to 
confirm  depth  of  fill  and  depth  to  water. 

3.  If  the  results  of  the  above  analyses  are  pos¬ 
itive,  at  least  eight  additional  groundwater 
monitoring  wells  should  be  drilled  in  the 
Zone  1  area,  including  three  wells  at  the 
locations  of  borings  in  Landfill  4  and  two 
upgradient  wells,  one  each  above  Landfills  4 
and  5 . 

4.  The  new  and  existing  wells  should  be  sampled 
for  key  parameters  identified  in  the  previ¬ 
ous  sampling  of  the  existing  wells.  In  addi¬ 
tion,  samples  from  South  Run  should  be  taken 
at  locations  upstream,  opposite  the  land¬ 
fills  and  where  the  stream  crosses  the  in¬ 
stallation  boundary  and  analyzed  for  a 
similar  suite  of  key  parameters. 

6.1.2  Site  No.  2,  Landfill  2 

The  following  additional  work  is  recommended  for  Landfill  2: 

1.  The  existing  wells  at  the  site  should  be  re¬ 
sampled  to  verify  the  results  of  the  first 
water  quality  analyses.  All  samples  should 
also  be  analyzed  for  USEPA  Priority 
Pollutant  volatile  organic  compounds. 

2.  Production  Well  A,  located  adjacent  to  the 
barrel  storage  area,  should  be  sampled  for 
the  same  suite  of  parameters  as  above. 

3.  In  addition  to  the  above  parameters,  MW-7 
should  be  sampled  for  USEPA  Priority 
Pollutant  acid  compounds,  base/neutral  com¬ 
pounds  and  pesticide/PCB  compounds. 

4.  A  Ground  Penetrating  Radar  (GPR)  survey 
should  be  conducted  on  the  landfill  to 
assess  depths  to  the  base  of  fill  and  the  lo¬ 
cation  of  possible  barrels.  Six  soil 


borings  should  be  completed  subsequently  to 
calibrate  the  GPR  results  and  confirm  the 
depth  of  fill  and  the  location  of  the  water 
table . 

5.  Three  additional  monitoring  wells  should  be 

installed  to  the  east  of  the  landfill  to  de¬ 
fine  potential  groundwater  flow  in  that  di¬ 
rection.  One  well  should  be  adjacent  to 

Production  Well  "A"  and  the  DPDO  barrel  stor¬ 
age  area. 

6.  All  wells  should  be  sampled  for  specific 

contaminants  based  on  the  results  of  the 
previous  sampling  round.  The  list  of 
analytes  should  also  include  landfill 

leachate  parameters  such  as  nitrates,  iron, 
ammonia-nitrogen  and  boron. 

7.  Water  quality  samples  should  also  be  collect¬ 
ed  along  North  Run  upstream  from  the  land¬ 
fill,  downstream,  and  opposite  the  landfill, 
and  analyzed  for  the  suite  of  analytes  iden¬ 
tified  above. 

6.1.3  Site  No.  3,  Landfill  3 


WESTON  makes  the  following  recommendations  for  further  inves¬ 
tigation  at  Landfill  3: 

1.  Resample  existing  wells  to  verify  the  first 
round  of  analyses,  plus  analyze  all  samples 
for  USEPA  Priority  Pollutant  volatile  organ¬ 
ic  compounds.  In  addition,  MW-9  should  be 
sampled  for  USEPA  Priority  Pollutant  acid 
compounds,  base/neutral  compounds  and  pesti- 
cide/PCB  compounds . 

2.  Three  additional  monitoring  wells  should  be 
installed  between  the  landfill  and  the  Base 
boundary. 

3.  All  wells  should  be  sampled  for  those  key 
parameters  indicated  in  the  previous  round 
of  sampling,  plus  nitrate,  iron,  ammonia- 
nitrogen  and  boron. 
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4.  Three  surface  water  samples  should  be  taken 
along  North  Run;  upstream,  opposite  the  land¬ 
fill,  and  downstream.  These  samples  should 
be  analyzed  for  the  same  parameters  as  the 
wells . 

6.1.4  Site  No.  4,  BOMARC  Missile  Site 


WESTON  makes  the  following  recommendations  for  further  inves¬ 
tigation  at  the  BOMARC  Missile  Site; 

1.  Resample  existing  wells  to  verify  the  first 
round  of  analyses,  plus  analyze  the  samples 
for  USEPA  Priority  Pollutant  volatile  organ¬ 
ic  compounds  and  xylene. 

6.1.5  Site  No.  5,  Pesticide  Wash  Area 

Contamination  of  stream  bed  sediments  is  the  principal  prob¬ 
lem  in  the  Pesticide  Wash  Area.  WESTON,  therefore,  recom¬ 
mends  that  the  following  sampling  be  completed  to  determine 
the  extent  of  this  contamination; 


Sediment  and  grab  samples  should  be  taken  at 
three  locations  downstream  of  5S-3  and  up¬ 
stream  of  the  culvert  entrance,  at  three  man¬ 
hole  locations  along  the  storm  drain  system, 
and  at  one  location  upstream  of  the  pesti¬ 
cide  wash  area.  All  samples  should  be  an¬ 
alyzed  for  pesticides. 

Two-foot  core  samples  should  be  taken  at  lo¬ 
cations  SS-1,  SS-2  and  SS-3  to  obtain  sam¬ 
ples  at  depth.  Each  core  should  be  divided 
into  two  depth  increments  and  analyzed  for 
pesticides  to  determine  the  depth  of  the  con¬ 
taminated  sediment. 


6.1.6  Site  No.  6,  DPDO  Storage  Area 

WESTON  recommends  that  the  following  work  be  completed  at 
the  DPDO  site  to  determine  the  extent  of  soil  and  ground- 
water  contamination  at  the  DPDO  Storage  Area. 

1.  Surface  soil  samples  should  be  taken  at 
twelve  locations  around  the  drum  storage  and 
buried  tank  areas.  Three  composite  samples 


should  be  analyzed  for  PCB  with  the  remain¬ 
ing  portion  of  the  samples  stored  for  possi¬ 
ble  future  analysis. 


2.  A  monitoring  well  should  also  be  installed 
between  the  buried  tank  area  and  North  Run. 
This  well  should  be  sampled  for  oil  and 
grease,  volatile  organic  compounds  and  xy¬ 
lene.  The  monitoring  well  recommended  in 
Section  6.1.2,  to  be  located  near  production 
Well  "A",  will  also  monitor  the  barrel  stor¬ 
age  area. 

6.1.7  Site  No.  7,  Fire  Training  Area 
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WESTON  does  not  consider  Fire  Training  Area  1  to  be  a  high 
priority  site  at  this  time,  and  recommends  only  that  MW-14 
and  MW- 15  be  resampled  to  verify  the  original  analytical  re¬ 
sults.  Samples  should  also  be  analyzed  for  U3EPA  Priority 
Pollutant  volatile  organic  compounds  and  xylene. 

6.1.8  Site  No.  8,  Bulk  Fuel  Storage  Area 

WESTON  recommends  that  the  following  work  be  done  at  the 
Bulk  Fuel  Storage  Area: 

1.  A  second  round  of  well  samples  should  be  an¬ 
alyzed  to  confirm  initial  results.  Samples 
should  also  be  analyzed  for  USEPA  Priority 
Pollutant  volatile  organic  compounds  plus 
xylene . 
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2.  Approximately  twenty  soil  borings  should  be 
completed  around  the  Bulk  Fuel  Storage  Area. 
Temporary  PVC  well  points  should  be  in¬ 
stalled  and  a  groundwater  elevation  survey 
completed.  Samples  from  the  well  points  can 
be  visually  examined  for  floating  fuel 
products . 


Based  on  the  information  gathered  from  the 
temporary  well  points,  up  to  six  permanent 
groundwater  monitoring  wells  should  be  in- 
critical  locations  around  the 
storage  area  including  one 
background  location. 


stalled  in 
bulk  fuel 
upgradient. 
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All  wells  at  the  site  should  be  sampled  for 
oil  and  grease,  lead,  USEPA  Priority 
Pollutant  volatile  organic  compounds,  and 
xylene . 


6.1.8  Site  No. 


Civil  Engineering  Compound 


Based  on  the  results  of  the  geophysical  survey  and  the  exam¬ 
ination  of  historical  photographs,  WESTON  recommends  that  a 

subsurface  investigation  be  conducted  at  the  Civil  Engineer¬ 
ing  Compound  to  confirm  whether  hazardous  materials  are 
buried  at  the  site.  WESTON  recommends: 

1.  Backhoe  test  pits  should  be  completed  at 

those  locations  identified  as  potential  buri¬ 
al  sites  by  the  geophysical  survey  (Figure 
4-6).  The  work  should  be  conducted  while 
observing  strict  safety  procedures, 

including  personal  body  and  respiratory 
protection.  Air  quality  should  be  monitored 
with  an  organic  vapor  detector,  and  soil 
samples  should  be  obtained  in  areas  where 
physical  appearance  or  detected  vapors 
indicate  contamination. 

This  excavation  activity  is  to  be  for  the 
confirmation  of  whether  barrels  or  contam¬ 
inated  soils  are  present.  If  barrels  are 
encountered,  they  will  not  be  disturbed  or 
sampled.  Only  suspected  contaminated  soils 
will  be  sampled.  All  procedures  for  this  in¬ 
vestigation  will  be  reviewed  prior  to  the 
work  with  appropriate  State  and  Federal  reg¬ 
ulatory  agencies. 

2.  Selected  soil  samples  should  be  analyzed  for 
USEPA  Priority  Pollutant  organic  compounds 
and  metals. 

3.  If  the  results  of  the  chemical  analyses  of 
the  soils  is  positive,  four  groundwater  mon¬ 
itoring  wells  should  be  placed  around  the 
burial  site;  one  well  upgradient  and  three 
wells  downgradient .  Groundwater  samples 
should  be  obtained  from  these  wells  and  an¬ 
alyzed  for  key  compounds  indicated  by  the 
soils  analyses  to  determine  the  impact  of 
the  waste  on  groundwater  quality. 


Appropriate  response  for  remedial  action 
should  also  be  developed. 

6.2  SUMMARY  OF  RECOMMENDATIONS 

The  recommendations  which  have  been  made  as  a  result  of  this 
Stage  1  Study  at  McGuire  Air  Force  Base  are  summarized  in 
Table  6-1. 
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TABLE  6-1:  SUMMARY  OF  RECOMMENDATIONS 
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APPENDIX  A 

ACRONYMS,  DEFINITIONS,  NOMENCLATURE 
AND  UNITS  OF  MEASUREMENT 


AFB 
ASTM 
Bldg . 
CERCLA 

cm/s 

DEQE 

DEQPPM 

DoD 


ft /min 

gpm 

HARM 

hr 

in 

TRP 

MS 

McGAFB 

ug/1 

umho/cm 

mg/1 

mgd 

MSL 

N 

No. 

0  &  G 
OEHL 


Air  Force  Base 

American  Society  for  Testing  and  Materials 
Building 

Comprehensive  Environmental  Response  Compensation 
and  Liability  Act  of  1980 

Centimeters  per  second 

Massachusetts  Department  of  Environmental 
Quality  Engineering 

Defense  Environmental  Quality  Program  Policy 
Memorandum 

Department  of  Defense 

Degrees  Centigrade 

Degrees  Fahrenheit 

Feet  per  minute 

Gallons  per  minute 

Hazard  Assessment  Rating  Method 

Hour 

Inches 

Installation  Restoration  Proqram 

M>  '  i.t.  ary  A1  >•  !  >  *  C'  •nim.i r d 

Master  of  Science  Degree 

Me  Guire  Air  Force  Base 

Micrograms  per  liter  (equivalent  to  parts  per 
billion  in  water) 

Micromhos  per  centimeter  (units  of  Specific 
Conductance ) 

Milligrams  per  liter  (equivalent  to  parts  per 
million  in  water) 

Million  gallons  per  day 

Mean  Sea  Level  Datum 

North 

Number 

Oil  and  Grease 

Occupational  and  Environmental  Health  Laboratory 


‘ ,  * 


'r. 

■V.’ 


Percent 

Registered  Professional  Geologist 
Doctor  of  Philosophy  Degree 

parts  per  billion  (equivalent  to  ug/1  in  water) 
parts  per  million  (equivalent  to  mg/1  in  water) 
Quality  Assurance/Quality  Control 
Resource  Conservation  and  Recovery  Act  of  1976 
Total  Organic  Carbon 
United  States  Air  Force 

United  States  Environmental  Protection  Agency 


:-y 


r 

% 

• 

P.G. 

*,  ** 

_  * , 

’.V 

Ph.D. 

ppb 

1 

ppm 

QA/QC 

r.y 

RCRA 

•  j 

TOC 

9 

USAF 

jt 

US-',  PA 

!  <  N  !  n  l 'GRAM 


Phase  I  i  3  Fl.-id  v.  >1  u.  •  ti  on 
McGuire  AFB,  M  :w  Jersey 


I.  Description  of  Work: 

The  purpose  of  this  task  is  to  determine  if  environmental  contamination 
has  resulted  from  waste  disposal  practices  at  McGuire  AFB  NJ ;  to  provide 
c  -timatas  of  the  magnitude  and  extent  of  eontamira tion,  should  conta_.ii\ation 
fca  found;  to  identify  any  additional  investigations  and  their  attendant  costs 
necessary  to  identify  the  magnitude  and  direction  of  movement  of  dis.- over' d 
contaminants. 

The  presurvey  report  (nailed  under  separate  cover)  and  Phase  I  7HP  report 
(railed  under  separate  cover)  incorporated  background  and  description  of  the 
sites  for  this  task.  To  accomplish  the  survey  effort,  the  contractor  shall 
take  the  following  steps: 

A.  General 

1.  Determine  the  areal  extent  of  each  site  and  zone  by  reviewing 
available  aerial  photos  of  the  base,  both  historical  and  the  most  recent 
panchromatic  and  infrared. 

2.  Locations  where  surface  water  samples  are  collected  shall  be 
narked  with  a  permanent  marker,  and  the  location  recorded  on  a  site/zor.e  nap. 

3.  A  total  of  17  monitoring  well3  shall,  be  installed.  The  exact 
location  of  well3  shall  be  determined  in  the  field. 

ll .  Wells  shall  be  of  sufficient  depth  to  collect  samples  representa¬ 
tive  of  aquifer  quality  and  to  Intercept  contaminants  if  they  are  present. 
Wells  installed  during  this  effort  shall  be  constructed  with  20  feet  of  well 
screen  below  the  water  table.  All  wells  shall  be  developed,  water  levels 
measured,  and  locations  surveyed  and  recorded  on  a  site/zone  map. 

5.  All  water  samples  3hall  be  analyzed  on  site  by  the  contractor  for 
pH,  temperature  and  specific  conductance.  Sampling,  maximum  holding  tine  and 
preservation  of  samples  shall  comply  strictly  with  the  following  references: 
Standard  Methods  for  the  Examination  of  Ka£ex  and  Wastewater,  15th  Ed. 

(1550),  pp.  35-^2;  ASIM,  Part  31 t  PP-  72-82,  (1976),  Method  D-3370;  and 

Hatties  Ian  Chgalcal.  JLcalxsla  af  Witkexa  -  '4  Jtesiaa,  epa  Manual  600/11-72-020, 

pp.  xiii  to  xix  (1979).  All  water  samples  shall  be  analyzed  using  minimum 
detection  levels,  as  specified  in  Attachment  1. 

6.  Field  data  collected  for  each  site  and  zone  shall  be  plotted  and 
mapped.  The  nature  of  contamination  and  the  magnitude  and  potential  for 
contaminant  flow  within  each  site  and  zone  to  receiving  streams  and  ground 
waters  .'  hall  be  determined  or  estimated.  Upon  completion  of  the  .'  -.rr.pl  ing  and 

rely ria,  the  data  shall  be  tabulated  in  the  next  RAD  Status  report  as  speci¬ 
fied  in  Item  VI  below. 
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B.  Tn  Tuition  to  itr-".s  del Is.  ■'1  “  A  ■  ‘ 

,-ifie  .-.ctlotiS  .,t  :3U-:j  id‘-nti  fiird  r  :i  ?/ i  *  'r3. 

1.  7,- ■,[).-»  T.u»nfiTl.s  >4.  S.  -':’-'d  6.  *1  ■■  -1,  "r'  •*  !,t  ;‘ 

Pledge.  pi  ;or.i)  Area. 


this  zone. 


a.  Install  a  maximum  of  five  rround-water  monitoring  '.icHs 


b.  Collect  one  ground-water  sample  from  each  well. 


c.  Each  ground-water  sample  shall  be  analyzed  for  total  ergot  c 
halogens  (70X),  total  organic  carbon  (TOC),  cyanide,  phenol,  oil  &  grease- 
infrared  r.ethod  (OtC/IR ) ,  copper,  cadmium,  chrc..  ium,  lead,  arsenic  and 
nickel. 


2.  Site  2.  landfill 


&  a#  Install  a  maximum  of  three  t  oni  tori.ng  wells  at  this  site. 

b.  Colle-ct  one  ground-water  sample  from  each  well. 

c.  Each  ground-water  sample  shall  be  analyzed  for  TOX,  TOC, 
cyanide,  phenol,  O&G/IR,  copper,  cadmium,  chromium,  lead,  arsenic,  and  nic.^l. 

3.  Site  landfill  3 

a.  Install  a  maximum  of  three  monitoring  wells  at  this  site. 

i  -  H 

b.  Collect  one  ground-water  sample  from  each  well. 

•  c.  Each  ground-water  sample  shall  be  .analyzed  for  IOX,  VOC, 

cyanide,  phenol,  OAG/IR,  copper,  cn  dm  i  urn ,  chromium,  lead,  arsenic.  c-nd 
nickel . 

1) .  Site  *1 .  McGuire  Missile  Site  JP-X  ni  srh-?rre  Pit 

a.  Install  a  maximum  of  three  monitoring  wells  at  this  site. 

b.  Collect  one  ground-water  sample  from  each  well. 

c.  Each  ground-water  sample  shall  be  analyzed  for  TOC,  OW/IR, 
hydrazine,  and  nitrates. 


5.  Site 


Pesticide  Vash  Urea 


a.  Two  soil  borings  shall  be  drilled  in  the  drainage  rath  from 
the  pesticide  wasb  area.  These  borings  shall  be  advanced  to  the  water  tabl* 
with  soil  samples  retained  for  analysis  at  depths  of  2  ft,  5  ft,  and  at  the 
water  table. 

b.  Soil  samples  shall  be  analyzed  on  a  phased  basis  for  chlori¬ 
nated  hydrocarbon  pesticides,  end  cc.  .on  cr<_ a no-phos;  hate  pesticide  s,  as 
specified  in  Attachment  1,  using  Gas  Chrr.  -.atogr.  ph  (GC)  methods.  f  ’.pl'  S  at  3 

13361  5  -80 -D  4  006/ 0020  A 
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l' l  .'11  be  r '  1  y :  ■  '  1  only  In  >-  r?,wj 

!  fio  2  ft  r  •  ipl '.'id  ccmfc!  nul  ng  It.  r  -.1  iv-'ly. 


•  '*  3  . 


o.  Thrre  surface  .  oil  and  t  lire  a  surface  water  (if  pr>:  1 ) 

•  •  pi  os  shall  to  collected  in  the  drainage  di  tch  iwar  the  Entcnolo-y  •  "p. 

One  soil  sample  and  one  water  cample  shall  be  colluded  at  each  of  the 
following  three  locations:  (1)  adjacent  to  the  Entomology  shop,  (2)  at  the 
bottom  of  the  shop  driveway,  and  (3)  about  30  yards  downstream  of  the  shop 
driveway. 

d.  The  soil  and  water  camples  shall  be  analyzed  for  chlcrir. *  .i 
hydrocarbon  pesticides  and  common  orgar.o-phosphate  pesticides,  as  specif1  a  n 
Attachment  1,  using  GC  methods. 

6 .  .^tte  6.  TV  no  £tcra-~e  facility 

a.  Five  soil  tori  nr:  s  shall  be  drilled  inside  the  fenced  Defer:..; 
Property  Disposal  Office  (DPDO)  compound.  These  borings  shall  be  advanced  o 
the  water  table,  with  samples  retained  for  analysis  at  depths  of  2  ft,  5  ft 
and  at  the  water  table. 

b.  Soil  samples  shall  be  analyzed  on  a  phased  basis  for  PCBs  (■:;) 
and  O&G/IR,  as  specified  in  Attachment  1.  Samples  at  5  ft  shall  be  analyzer 
only  in  borings  where  PCBs  or  O&G  are  encountered  in  the  2  ft  samples,  and 
continuing  iteratively. 

7 .  Site  _7,  Fire  .Training  Area  No.  1 


a.  Install  a  maximum  of 


at  this  site. 


O&G/IR. 
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b.  Collect  one  ground-water  sample  at  each  well, 

c.  Each  ground-water  cample  shall  be  analyzed  for  TOX,  'IOC,  2r.i 


Site  8.'  Bulk  Fuel  Storage  Tank  Farm 

a.  Install  a  maximum  of  two  monitoring  wells  at  this  site, 

b.  Collect  one  ground-water  sample  at  each  well. 


c.  Each  ground-water  sample  shall  be  analyzed  for  TOX,  TOC,  OA:/ 
IR,  cadmium,  chromium,  lead,  and  nickel. 


9.  SJ 


Buried  nr 


Conduct  magnetometer  and  ground  penetrating  radar  surveys  to 
determine  whether  or  not  the  suspected  buried  drums  are  located  under  the 
p  iVed  lot  of  the  Civil  Engineering  compound. 

C.  Veil  Installation  and  Cleanup 

Veil  and  borins  locations  shall  be  cleaned  up  following  the 
rr  plctton.  Drill  cuttings  shall  be  r r-.-.-.ovod  and  the  general  area  cleaned. 

r  33C.1  5-S0-D-A0C6/0020  5 
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F.csults  of  ■  plli.g  .  d  i.  j:-5  a  ’.sail  be  1  --bul  :•.*  --d  '  'id  1  i  ■  j'.  .  i 
Into  the  monthly  HAD  Status  T.  -I'Or  ts  and  forwarded  to  the  USAF  OhHL  fur  r.V-v 
as  soon  as  they  become  available  as  specified  in  Item  VI  below. 

E.  Eeporting 

1.  A  draft  report  delineating  all  findings  of  this  field  invest/.  t*uQ 

shall  be  prepared  and  forwarded  to  the  USAF  OEHL  as  specified  in  Item  VI  ■■'cw 
for  Air  Force  review  and  consent.  This  report  shall  include  a  discussion  if  ‘he 
regional  hydrogeology,  well  logs  of  all  project  wells,  data  from  water  1  ‘1 

surveys,  water  quality  analysis  results,  magnetometer  and  ground  pc- no- t  ra ‘  g 
radar  survey  results  and  naps,  available  geohydrologic  cross  sections,  ^  d- 
water  surface  and  gradient  vector  naps,  any  available  vertical  and  burl  c  ->1 
flow  vectors  and  laboratory  quality  assurance  inf ormation.  The  report  :  11 
follow  the  USAF  OEHL  supplied  format  (mailed  under  separate  cover). 

2.  Estimates  shall  bo  made  of  the  magnitude  and  direction  of  ,  j.  t 
of  contaminants  discovered.  potential  environmental  consequences  of  dis¬ 
covered  contamination  shall  be  identified  or  estimated.  Vhere  survey  dat.  are 
insufficient  to  properly  determine  or  estimate  the  magnitude  and  directici  of 
movement  of  discovered  contaminants,  fully  justified  specific  recommendat;  r: s 
shall  be  made  for  additional  efforts  required  to  properly  evaluate  contac::3- 
tion  migration  and  included  in  a  separately  bound  appendix  to  the  draft  f  ;?1 
report  (see  F  below). 

3.  Specific  requirements,  if  any,  for  future  ground-water  and  su;  ’-.ce 
water  monitoring  must  be  identified. 

F.  Cost  Estimates 

The  contractor  shall  provide  cost  estimates  for  all  additional  vor: 
recommended  to  permit  proper  determination  of  contaminants.  The  reco.'nend:- 
tions  provided  shall  include  all  efforts  required  to  determine  the  r.agnitute 
and  direction  of  movement  of  discovered  contaminants  along  with  ran  estimat.;  of 
the  lime  required  to  accomplish  the  proposed  effort.  Tnis  information  shall 
be  provided  in  a  separately  bound  appendix  to  the  draft  final  report. 

II.  Site  Location  and  Dates: 

McGuire  AFB 

USAF  Cl  ini  c/SGPB 

Dates  to  be  established 

III.  Ease  Support:  None 

IV.  Government  Furnished  Property:  None 


F3361 5-80 -D-A006/0020 
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V. 


O'.vi-rr  v-nt  Toi  nts  of  : 


ILt  Bulcie  vr«;J  n 
USAF  OKHL/ELQ 
Brooks  AFB  TX  78235 
(512)  536-3305 
AV  240-3305 


L’Col  p-  n  !.’cl  :-un 
HQ  MAC/;  .PE 
Scott  Arfl  IL  62225 
(618)  256-2306 
AV  638-2306 


Capt  John  Ellis 
USAF  Clinic/SGPB 
McGuire  AFB  HJ  08641 
(609)  72*1-11170/2411 
AV  440-4170/2411 


VI.  In  r-oui tion  to  sequence  numbers  1f  5  end  11  listc-d  in  Atch  1  to  the 
contract,  which  a_re  applicable  to  all  orders,  the  reference  nunibers  below  a; 
applicable  to  this  order.  Also  shown  are  dat-a  applicable  to  this  order. 

Sequence  J.’r  Block  10  Block  11  Block  12  Block  13  Block  14 


CNE/R 


8 A FEB 15 


84 MARI 5 


84  Jinn  5 


Contractor  shall  supply  the  USAF  OEHL  with  20  copi  s  of  the  draft  report  am 
50  copies  plus  the  critical  careers  ready  copy  of  the  final  report. 


1  3361  5  80  D -4006/0020 
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!,ivf  Is  of  Pi  l  ,  it  '  on  r,  ,  i  .  ,  d 


■|X)X 

TOC 

cyanide 

phenol 

O-'rG/IR 

hydrazine 

nitrates 

copper 

c  &  dm  urn 

ch  r c - ina 

lead 

arsenic 

ni chel 


5  J'£/L 
1  Kg/L 
10  jig /L 
1  Pg/L 

0.1  rg/L  (vaters);  100  pg/g  (soil) 
50  pg/L 
0.1  ag/L 
50  pg/L 
10  jig/L 
50  jig/L 
20  pg/L 
10  pg/L 
100  pg/L 


Pesticides  Analyses 

For  veters,  analyze  samples  for  chlorinated  hydrocarbon  and 
orgar.ophosphate  t}pe  insecticides.  Analyze  for  the  following  specific 
pesticides  and  detection  levels:  aldrin,  0.02  iig/L;  PUT  isener,  0.02; 
dieldrin,  0.02;  endrin,  0.02;  hcptachlor,  0.02;  heptechlor  epozide,  0.02; 
lindane,  0.01;  nc  thoiychlor,  0.20;  diazinon,  0.02;  i.alathion,  0.10;  para.t 
0.02. 

For  soils,  use  detection  levels  shown  Ebove,  but  report  values  as 
r.icrograras  pesticide  per  gram  of  soil. 

PCRs  in  soil 

Use  niniraun  detection  level  of  Ipg/g  and  identify  type,  if  possible. 
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APPENDIX  C 

PROFESSIONAL  PROFILES 
OF  KEY  PERSONNEL 


Fields  of  Competence 

Project  management;  environmental  analytical 
laboratory  analysis;  hazardous  waste,  groundwater  and 
soil  contamination;  source  emissions/ambient  air 
sampling;  wastewater  treatment;  biological  monitoring 
methods;  and  environmental  engineering. 

Experience  Summary 

Eighteen  years  in  Environmental  Laboratory  and  En¬ 
vironmental  Engineering  as  Project  Scientist,  Project 
Engineer,  Process  Development  Supervisor,  and 
Manager  of  Environmental  Laboratory  with  WESTON. 
Experience  in  analytical  laboratory,  wastewater  surveys, 
hazardous  waste,  groundwater  and  soil  contamination, 
DoD-specific  wastes,  stream  surveys,  process  develop¬ 
ment  studies,  and  source  emission  and  ambient  air 
testing.  In-depth  experience  in  pulp  and  paper,  steel, 
organic  chemicals,  pharmaceutical,  glass,  petroleum, 
petrochemical,  metal  plating,  food  industries  and  DoD. 

Applied  research  on  a  number  of  advanced  wastewater 
treatment  projects  funded  by  Federal  EPA. 

Credentials 

B.S..  Biology— Franklin  and  Marshall  College  (1963) 

M.S.,  Environmental  Engineering  and  Science—  Drexel 
University  (1965) 

American  Society  for  Testing  and  Materials 

Water  Pollution  Control  Federation 

Water  Pollution  Control  Association  of  Pennsylvania 

Employment  History 

1965-Present  WESTON 

1963-1964  Lancaster  County  General  Hospital 

Research  Laboratory  for  Analytical 
Methods  Development 


Peter  J.  Marks 


Key  Projects 

USAF/OEHL  Brooks  AFB.  Program  Manager  for  this 
three-year  BOA  contract  provides  technical  support  in 
environmental  engineering  surveys,  wastewater 
characterization  programs,  geological  investigations, 
hydrogeological  studies,  landfill  leachate  monitoring 
and  landfill  siting  investigations,  bioassay  studies, 
wastewater  and  hazardous  waste  treatability  studies, 
and  laboratory  testing  and/or  field  investigations  of  en¬ 
vironmental  instrumentation/equipment.  Collection, 
analysis,  and  reporting  of  contaminants  present  in 
water  and  wastewater  samples  in  support  of  Air  Force 
Environmental  Health  Programs. 

United  States  Army  Toxic  and  Hazardous  Materials 
Agency  (USATHAMA),  Aberdeen  Proving  Ground,  Mary¬ 
land.  Program  Manager  for  three-year  basic  ordering 
agreement  contract  to  provide  research  and  develop¬ 
ment  for  technology  in  support  of  the  DOD  Installation 
Restoration  Program.  The  objective  of  the  Program  is  to 
identify  and  develop  treatment  methods/technology  tor 
containment  and/or  remedial  action.  Technology 
development  for  remedial  action  is  to  include  ground- 
water,  soils,  sediments,  and  sludges. 

Confidential  Client,  Ohio.  Project  Manager  of  an  on-going 
contract  to  conduct  corporate  environmental  testing  and 
special  projects  at  client's  U.S.  and  overseas  plants. 
WESTON  must  be  able  to  assign  up  to  four  professionals  to 
a  project  within  a  two  week  notice. 

Confidential  Client  (Inorganic  and  Organic  Chemicals), 
Product  Manager  of  a  current  contract  to  conduct 
wastewater  sampling  and  analysis  of  plant  effluent  for 
priority  pollutants.  The  project  also  includes  a 
wastewater  treatability  study  to  evaluate  a  number  of 
process  alternatives  for  removal  of  priority  pollutants 
from  the  present  effluent. 

Confidential  Client,  Utah.  Technical  Project  Manager  for 
in-depth  wastewater  survey,  in-plant  study,  treatability 
study,  and  concept  engineering  study  in  support  of  the 
client's  objectives  to  meet  1983  effluent  limitations. 
WESTON  had  two  project  engineers,  two  chemists,  five 
technicians  and  an  operating  laboratory  in  the  field. 
Field  effort  is  six  months  duration. 
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Professional  Profile 
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Frederick  Bopp  Hi,  Ph.D.,  P.G. 


Employment  History 


Registration 

Registered  Professional  Geologist  in  the  State  of 
Indiana 

Fields  of  Competence 

Groundwater  resources  evaluation;  hydrogeologic 
evaluation  of  sanitary  landfills  and  other  waste  disposal 
sites,  detection  and  abatement  of  groundwater  pollu¬ 
tion  digital  modeling  of  groundwater  flow  and  solute 
transport,  statistical  analysis  of  geological  and 
geochemical  data,  geochemical  prospecting;  estuarine 
geology  and  geochemistry;  trace  metal  and  aqueous 
geochemistry. 

Experience  Summary 


1979-Present 

WESTON 

1977-1979 

U.S.  Army  Corps  of  Engineers 
Waterways  Experiment  Station 

1976-1977 

University  of  South  Florida 
Department  of  Geology 

1970-1976 

University  of  Delaware 
Department  of  Geology 

1974-1976 

Earth  Quest  Associates 
President  and  Principal  Partner 

1974  (Summer) 

WESTON 

1966-1970 

United  States  Navy 
Commissioned  Officer 

Seven  years  experience  in  hydrogeology  and 
geochemistry,  involving  such  activities  as;  assessment 
of  subsurface  water  and  soil  contamination;  develop¬ 
ment  of  contamination  profiles;  evaluation  of  remedia¬ 
tion  actions  for  groundwater  quality  restoration;  quan¬ 
titative  chemical  analysis  of  water  and  soil;  ore  assay 
and  ore  body  evaluation;  drilling  supervisor; 
hydrogeologic  assessment;  pollution  detection  and 
abatement:  estuarine  pollution  analysis;  application  of 
flow  and  solute  transport  computer  models:  computer 
programming;  project  management;  teaching  en¬ 
vironmental  geology  and  geochemistry. 

Credentials 

B.A..  Geology— Brown  University  (1966) 

M.S.,  Geology— University  of  Delaware  (1973) 

Ph.D.,  Geology— University  of  Delaware  (1979) 

Sigma  Xi,  The  Scientific  Research  Society  of  North 
America 

Geological  Society  of  America,  Hydrology  Di.,sion 

National  Water  Well  Association.  Technical  Division 

American  Association  for  the  Advancement  of  Science 

Estuarine  Research  Federation:  Atlantic  Estuarine 
Research  Society 


Key  Projects 

Project  manager  on  seven  task  orders  for  environmental 
assessment  services  at  United  States  Air  Fcrce 
facilities  in  nine  states. 

Task  manager  for  a  Superfund  site  evaluation  in  Ohio. 

Site  manager  for  drum  recovery  operations  in  Penn¬ 
sylvania  and  New  Jersey. 

Project  manager  for  site  assessments  of  oil  and  fuel 
spills  in  four  states. 

Project  manager  for  closure  plan  development  at  a 
hazardous  waste  landfill  in  New  Jersey. 

Definition  and  abatement  of  groundwater  contamina¬ 
tion  from  chemical  manufacturing  in  Delaware. 

Flow  and  solute  transport  digital  model  of  a  heavily- 
pumped  regional  aquifer  in  southern  New  Jersey. 

Definition  and  abatement  of  groundwater  contamina¬ 
tion  from  chemical  manufacturing  in  the  Denver  area. 

Hydrogeologic  impact  assessment  of  on-land  dredge 
spoil  disposal  in  coastal  North  Carolina. 

Geochemical  prospecting  and  ore  body  analysis  in 
Arizona. 


Professional  Profile 


Richard  C.  Johnson 


Experience  Summary 

Over  tlx  years  experience  In  geotechnical  and 
geological  Investigations,  including  hydrologic  and 
geological  Investigation  of  landfill  sites,  quantitative 
and  qualitative  groundwater  analysis,  industrial  waste 
disposal  assessment;  evaluation  of  soil  mass  stability 
and  bearing  capacity  at  proposed  sites  of  building  and 
tank  structures,  development  of  remedial  actions 
Supervision  of  engineering  of  laboratory  programs  for 
sol!  and  waste  material  testing;  supervision  of  well  In- 
atsllation,  well  monitoring,  and  sampling  program. 

Credentials 


New  Jersey,  Ohio,  and  Maine  Studies  Included  drilling 
and  soli  sampling  programs,  the  Interpretation  of 
hydrogeologlc  conditions,  and  evaluation  of  the 
physical  stability  of  earth  Impoundments. 

Project  Geologist  for  U  S  Air  Force  Installation  Restore 
tion  Program  Phase  II  studies  in  New  York,  New  Jersey, 
Pennsylvania,  and  Minnesota  Supervised  field  In¬ 
vestigation  of  waste  disposal  and  spill  sites  related  to 
base  activities. 

Principal  Hydrogeologist  for  a  groundwater  and 
geologic  Investigation  at  the  Milan  Army  Ammunition 
Plant,  Tennessee  for  the  U.S.  Army  Toxic  and  Hazardous 
Materials  Agency. 


B  A  — LaSalle  College  (1969) 

M.A ,  Geology— Temple  University  (1976) 

Graduate  course  work  In  soil  mechanics,  engineering 
geology  and  hydrology— Drexel  University  (1979-1981) 

National  Water  Well  Association 

U.S.  National  Group  of  Engineering  Geology 

American  Geophysical  Union 

Employment  History 

1981-Present  WESTON 

1979-1981  Valley  Forge  Laboratories, 

Soils  and  Materials  Testing 
Laboratory 

1978-1979  Ambric  Engineering 

1976-1977  American  Cancer  Society 

Philadelphia  Division 

1972  1975  Temple  University 

Department  of  Geology 

1969  1971  City  o<  Philadelphia 

Depaiment  of  Licenses  and 
Inspections 

Key  Projects 

Project  Geologist  for  investigations  of  existing  and  pro¬ 
posed  hazardous  waste  dispose’  sites  In  Pennsylvania. 


Development  and  implementation  of  a  program  for  the 
Interception  and  recovery  of  hydrocarbons  In  ground 
water  at  a  chemical  processing  plant  In  the  Pittsburgh 
area. 

Interpretation  of  hydrologic  and  geologic  conditions 
related  to  migration  of  chlorinated  hydrocarbons  in 
groundwater  in  the  vicinity  of  production  wells  at  a 
chemical  processing  plant  In  Ohio 

Hydrogeologic  Investigation  of  the  Bruin  Lagoon  Super 
fund  project  In  Butler  County,  Pennsylvania 

Project  Manager  and  Principal  Investigator  for  a  subsur¬ 
face  Investigation  to  determine  soil  conditions  at  the 
proposed  site  of  55,000  barrel  fuel  storage  tanks  In  a 
flood  plain  area  in  northeast  Pennsylvania  Supervised 
soil  borings  and  performed  analyses  to  predict  settle¬ 
ment  of  flexible  pad  foundations. 

Supervised  exploratory  drilling  and  developed  founda¬ 
tion  recommendations  for  proposed  building  construc¬ 
tion  projects  In  southeastern  Pennsylvania 

Conducted  geological  site  investigations  In  limestone 
sinkhole  areas  to  develop  recommendations  for 
remedial  action  around  threatened  structures. 

Developed  and  directed  a  testing  program  to  evaluate 
preliminary  rock  anchor  designs  In  a  sewage  facility 
construction  project,  Montgomery  County,  Penn 
sylvania 

Supervised  laboratory  testing  program  for  sulfite 
sludges  and  coal  burning  wastes  Evaluated  alternative 
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methods  of  physical  and  chemical  stabilization  of  the 
wastes,  and  developed  applications  tor  stabilized 
material  in  landfill,  and  earth  stabilization  problems. 

Publications 

Johnson,  R.  and  Myer,  G.,  "Sillimanite  Nodules  In  the 
Wissahickon  Schist,  Philadelphia,”  Journal  of  the  Penn¬ 
sylvania  Academy  of  Sciences,  Vol  49,  1975 


Walter  M.  Leis,  P.G 


Registration 

Registered  Professional  Geologist  in  the  States  of 
Georgia  (No.  440)  and  Indiana. 

Fields  of  Competence 

Delection  and  abatement  of  groundwater  contamina¬ 
tion;  design  of  artificial  recharge  wells;  deep  well 
disposal;  simulation  of  groundwater  systems;  hydro¬ 
geologic  evaluation  of  hazardous  waste  sites  and  land¬ 
fills;  practical  applications  of  geophysical  surveys  to 
hydrologic  systems,  site  investigations,  and  borehole 
geophysical  surveys.  Geochemical  studies  of  acid  mine 
drainage  and  hazardous  wastes. 

Experience  Summary 

Sixteen  years  experience  as  field  hydrogeologist,  field 
supervisor,  project  director,  research  director.  Six  years 
research  involving  two  consecutive  projects:  1)  applica¬ 
tion  of  geophysical  techniques  in  evaluating  ground- 
water  supplies  in  fractured  rock  terrain  in  Delaware  and 
Pennsylvania;  2)  project  director  for  an  artificial 
recharge  and  deep  well  disposal  study.  Provided  con¬ 
sultation  for  waste  disposal  and  aquifer  quality  pro¬ 
blems  for  coastal  communities. 

Developed  geochemical  sampling  techniques  for  deep 
mine  sampling.  Evaluated  synthetic  and  field  hydrologic 
data  for  deep  formulational  analysis  in  coal  field  pro¬ 
jects. 

Earlier  research  experience  involved  developing  tech¬ 
niques  for  mapping  subsurface  regional  structures  hav¬ 
ing  interstate  hydrologic  significance,  and  defining  ore 
bodies  by  geochemical  prospecting. 

Credentials 

B.S.,  Biochemistry— Albright  College  (1966) 

M.S.,  Hydrogeology  — University  of  Delaware  (1975) 

Cooperative  Program  Environmental  Engineering- 
University  of  Pennsylvania 


Additional  special  course  work  in  Geology  and 
Hydrology,  Franklin  and  Marshall  College  and  Penn¬ 
sylvania  State  University 

Remote  Sensing  Data  Processing  Training,  Goddard 
Space  Center  (1978) 

OWRR  Research  Fellow,  1973 

National  Water  Well  Association,  Technical  Division. 

Geological  Society  of  America,  Engineering  Geological 
Division. 

Society  of  Economic  Paleontologists  and  Mineralogists 

Employment  History 


1974-Present 

1973-1974 


1971-1973 

1967-1971 


Key  Projects 


WESTON 

University  of  Delaware 
Water  Resources  Center 

University  of  Delaware 

Pennsylvania  Department  of 
Environmental  Resources 


Definition  of  groundwater  contamination  from  sanitary 
landfill  leachate  and  recovery  of  contaminants  to  pro¬ 
tect  heavily  used  aquifer  in  Delaware. 

Field  design  studies  for  artificial  recharge  and  waste 
disposal  wells. 

Design  and  construction  of  hydrologic  isolation 
systems  for  various  class  hazardous  wastes. 

Design  and  supervision  of  chemical  and  physical 
rehabilitation  of  groundwater  collection  systems  in  frac¬ 
tured  rock  and  coastal  plain  areas. 

Principal  investigator  for  six  projects  involving  subsur¬ 
face  migration  of  PCB's  in  New  York,  New  Jersey,  Penn¬ 
sylvania,  and  Oklahoma. 

Design  and  construction  supervision  of  hydrocarbon 
recovery  wells  in  Pennsylvania. 


Professional  Profile 
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Fields  of  Competence 

Analytical  laboratory  management;  organic  chemistry; 
mass  spectrometry,  GC/MS/DS,  high  and  low  resolution, 
chemical  ionization  and  special  techniques;  gas 
chromatography  including  capillary  column  techniques; 
high  performance  liquid  chromatography  (HPLC);  the 
uses  of  NMR,  IR,  UV,  visible,  inorganic  analyses,  elec¬ 
trochemical,  thermal  techniques  and  surface  meth¬ 
odologies  (SEM,  ESCA,  SIMS)  to  solve  industrial  pro¬ 
blems;  the  development  of  quality  control  measures  in 
analytical  protocols;  the  testing  of  laboratory  safety 
methodologies;  innovation  of  new  analytical  techniques 
and  methods  to  solve  industrial,  product  liability,  pro¬ 
duction  and  environmental  problems. 

Experience  Summary 

Eleven  years  experience  in  the  supervision  of  an 
analytical  group  involved  in  solving  all  types  of  in¬ 
dustrial  problems  including  environmental,  product 
safety,  production,  research  and  development.  The  main 
emphasis  was  on  the  innovative  development  of  ana¬ 
lytical  methods  utilizing  instrumental  technologies.  In- 
depth  experience  in  the  organic  chemicals,  inorganic 
chemicals  polymer,  fiber,  tire,  solvent,  fluorine 
chemicals,  coke  and  coal  tar  industries.  Numerous 
scientific  presentations.  Contributor  to  three  Chemical 
Manufacturers  Association  Task  Groups:  Environmental 
Monitoring,  Groundwater,  and  Hazardous  Waste  Re¬ 
sponse  Center. 

Taught  general  chemistry,  analytical  chemistry,  organic 
chemistry,  and  instrumental  analysis  for  four  years  at 
Eastern  Michigan  University  and  the  University  of  Il¬ 
linois. 

Credentials 

B.A.,  Chemistry— Williams  College  (1960) 

Ph.D.,  Organic  Chemistry— Iowa  State  University  (1964) 

Postdoctoral  Organic  Chemistry— University  of  Illinois 
(1966) 

Postdoctoral  Mass  Spectroscopy— Cornell  University 
(1969) 


James  S.  Smith,  Ph.D. 


American  Chemical  Society 
American  Society  for  Testing  Materials 
American  Society  of  Mass  Spectroscopists 


Employment  History 


1981-Present  WESTON 


1969-1981 

1966-1968 

1965-1966 


Allied  Chemical  Corporation 
Corporate  Research  Center 

Eastern  Michigan  University 
Assistant  Professor  of  Chemistry 

University  of  Illinois 


Key  Projects 


Directed  analytical  group  for  five  years  of  intensive 
sampling  and  analysis  of  a  toxic  insecticide.  Analyses 
involved  soil,  air,  water,  sludge,  blood,  bile,  feces,  urine, 
animal  feed,  and  plant  samples  to  detect  the  compound 
at  the  low  parts-per-billion  level.  The  project  involved 
rapid  development  of  new  and  accurate  analytical 
methods. 

Developed  an  industrumental  analytical  laboratory  con¬ 
sisting  of  trace  environmental  analyses,  gas  chro¬ 
matography,  high  performance  liquid  chromatography, 
mass  spectrometry,  surface  analyses,  X-ray  photoelec¬ 
tron  spectroscopy  and  nuclear  magnetic  resonance 
spectroscopy  including  the  design  and  manufacture  of 
instrument  modifications,  purchasing  instruments,  and 
hiring  of  key  personnel. 

Isolated,  identified,  and  developed  a  method  of  analysis 
for  a  colored  impurity  on  a  bulk  chemical  product.  Syn¬ 
thesized  the  colorant  for  proof  of  identification  and  as  a 
standard  for  future  analysis.  Proved  the  mechanism  of 
the  development  of  the  color  from  the  packaging 
materials.  Designed  new  specifications  eliminating  the 
problem. 

Conducted  corporate  plant  environmental  laboratory 
QA/QC  audits  including  the  development  of  a  corporate 
QA/QC  manual. 


Professional  Profile 


Theodore  F.  Them,  Ph.D, 


Fields  of  Competence 

Inorganic  and  organic  chemistry;  instrumental 
analytical  techniques:  synthesis  of  organic  chemicals; 
laboratory  management;  chemical  research  and  educa¬ 
tion. 

Experience  Summary 

Nine  years  experience  in  inorganic  and  organic 
chemistry  with  strong  synthetic  organic  and  instrumen¬ 
tal  analytical  background.  Experienced  researcher  and 
teacher.  Background  in  conceptualizing,  founding,  ef¬ 
fecting,  and  administering  a  chemical  consulting  firm. 

Credentials 

M.S..  Chemistry— University  of  New  Mexico  (1975) 
Ph.D.,  Chemistry— University  of  New  Mexico  (1977) 
American  Chemical  Society 
The  Society  of  Sigma  Xi 

Southwest  Association  of  Forensic  Scientists  — 
Associate  Member 

Society  of  Applied  Spectroscopy.  Rio  Grande  Section 

Employment  History 

1982-Present  WESTON 

1981- 1982  Bell  Petroleum  Services.  Inc. 

1982- 1982  Beli  Petroleum  Laboratories 

1977-1981  AnaChem.  Inc. 

Co-Founder.  Vice  President 

1975-1977  University  of  New  Mexico 

Practical  Experience 

Famii.anty  with  use.  maintenance,  and  operation  of  gas 
chromatographs  with  flame  ionization,  electron  capture 


thermal  conductivity,  and  photoionization  detectors.  Ex¬ 
perience  includes  methods  development,  separation  op¬ 
timization,  and  data  reduction. 

Familiarity  with  use.  maintenance,  and  operation  of  gas 
chromatograph/mass  spectrometer/data  system  (GC / 
MS/DS)  in  separations  and  identifications  of  complex 
mixtures  and  molecules.  Experience  includes  methods 
development,  separation  enhancement,  packed  and 
capillary  column  techniques,  and  data  reduction. 

Familiarity  with  use  and  operation  of  various  infrared, 
nuclear  magnetic  resonance  (NMR),  atomic  absorption 
(AA),  and  liquid  chromatographic  (LC)  instrumentation. 

Familiarity  with  use,  maintenance,  and  operation  of 
Tekmar  Models  LSC-2  and  ALS  purge/trap  and  liquid 
sample  concentrator  devices  and  associated  gas  chro¬ 
matographic  methods. 

Familiarity  with  use,  maintenance,  and  operation  of 
Fisher  Model  490  Coal  Analyzer  for  analysis  of  moisture, 
volatiles  and  ash  in  coal. 

Familiarity  with  use,  maintenance,  and  operation  of 
Fisher  Sulfur  Analyzer  System  for  analysis  of  sulfur  in 
coal  and  hydrocarbon  fuels. 

Familiarity  with  use,  maintenance,  and  operation  of  Parr 
Adiabatic  Bom  Calorimeter  and  associated  Master  Con¬ 
troller  in  calorimetric  analysis  of  coal  and  coke, 
foodstuffs,  and  fuels. 

Familiarity  with  use.  maintenance,  and  operation  of 
Fisher  Models  Titralyzer  II  (Fixed  End  Point)  and 
Tritrimeter  II  automatic  titration  systems  for  analysis  of 
water  by  pH  or  millivolt-sensitive  methods. 

Publications 

Hazardous  Properties  and  Environmental  Effects  of 
Materials  Used  in  Solar  Heating  and  Cooling  (SHACj 
Technologies  Interim  Handbook,  J  Q  Search  (ed  ). 
August  1978.  Sandia  Laboratories  report  Sand  78-0842. 
available  from  National  Technical  Information  Service. 
Springfield,  Virginia. 


Professional  Profile 
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"isomerism  in  Complexes  of  Bidentate  Ligands  with 
Enantiotopic  Donor  Atoms",  R  E  Tapscott,  J.D.  Mather, 
and  T.F.  Them,  Coordination  Chemistry  Reviews,  Vol. 
19,  Nos.  2/3,  September  1979. 

"Stereochemical  Studies  on  Diastereomers  of  Tris 
(2,3-butanediamine)-Co!balt  (III)",  C.J.  Hilleary,  T.F. 
Them,  R.E.  Tapscott,  Inorganic  Chemistry,  Vol.  19,  No. 
102,  1980. 

“Staying  Abreast  of  PCB  Regulations:  TESTING".  R.M. 
Holland  and  T.F.  Them,  Professional  Trade  Publication, 
June  1980. 

“Stereochemistry  of  Arsenic  (III)  and  Antimony  (III)  1,2- 
DihydroxyEychohexane-1,2-dicarboxylates,"  D.  Mar- 
covich,  E.N.  Duesler,  R.E.  Tapscott,  and  T.F.  Them,  In¬ 
organic  Chemistry,  1982. 
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Bruce  W.  Benyish 


Fields  of  Competence 

Broad  range  of  experience  involving  subsurface  explora¬ 
tion  programs,  supervising  the  construction  of  monitor¬ 
ing  and  production  wells,  conducting  sustained  pump 
tests,  hydrogeologic  data  analysis,  and  technical  report 
preparation. 

Credentials 

B.S.,  Earth  Science— Pennsylvania  State  University 
(1979) 

National  Water  Well  Association,  Technical  Division 

Employment  History 

1983  Present  WESTON 

1983  Suburban  Water  Testing  Labs,  Inc. 

1980-1982  Gilbert/Commonwealth 

t 

1980  General  Battery  Corporation 

Key  Projects 

Served  as  a  field  geologist  at  hazardous  waste  sites  dur¬ 
ing  the  USAF  Installation  Restoration  Programs. 
Responsibilities  included  supervision  of  the  installation 


of  monitoring  wells,  procurement  of  representative  soil 
samples  for  dr  cumentation,  and  collection  of  ground- 
water  samples  for  analysis  of  various  organic  and  in¬ 
organic  chemical  constituents.  Participated  in  the 
preparation  of  Installation  Restoration  Program 
Reports. 

Participated  in  the  development  of  water  well  fields  for 
municipal  water  supplies.  Performed  aerial  photograph 
fracture  trace  analysis  to  assist  in  selecting  optimum 
water  well  sites.  Supervised  sustained  well  pumping 
tests  and  analyzed  data  to  determine  safe  yields. 
Prepared  hydrogeologic  reports  incorporating  pumping 
test  data  and  geologic  literature  Submitted  reports  to 
regulatory  agencies  to  obtain  groundwater  withdrawal 
permits. 

Supervised  the  drilling  of  foundation  test  borings  and 
monitoring  well  installations  pertaining  to  an  En¬ 
vironmental  Impact  Assessment  (EIA)  feasibility  study 
for  a  coal-fired  power  plant  Participated  in  the  prepara¬ 
tion  of  EIA  Report 

Participated  in  water  table  aquifer  decontamination  pro¬ 
grams.  Scope  of  Involvement  included  supervising  the 
withdrawal  of  hazardous  sludges  from  pre-existing 
wells,  pumping,  sampling,  and  treating  contaminated 
groundwater,  and  scheduling  shipment  of  non-treatable 
groundwater  to  certified  waste  disposal  sites. 


Fields  of  Competence 

Geologic  and  geophysical  investigations;  geological 
and  groundwater  sampling  techniques  and  instru¬ 
mentation  technology;  design,  operation,  and  evalua¬ 
tion  of  geophysical  survey,  equipment,  testing  and 
analysis  of  aquifers,  and  groundwater  pollution. 

Experience  Summary 

Three  years  experience  in  geologic  and  geophysical 
investigtions  including  subsurface  profiling  using 
Ground  Penetrating  Radar  (GPR),  electrical  resistivity 
and  electromagnetic  conductivity  for  numerous 
private  and  government  facilities;  groundwater  sam¬ 
pling  and  aquifer  pump  tests,  six  years  experience  in 
bathymetric,  hydrographic  and  biological  studies. 

Credentials 

A.  S.,  Marine  Technology  -  Cape  Fear  Technical 
Institute  (1975) 

B.  S.,  Earth  Science  (Geology)  -  West  Chester  State 
College  (1983) 

Certified  Ground  Penetrating  Radar  Operator 
Certified  NAUI/PADDI  Scuba  Diver 
Geological  Society  of  America 

Employment  History 

1982  -Present  WESTON 


1980-1982 


1977-1980 

1976-1977 

1975-1976 


Environmental  Resources 
Management,  Inc. 

WESTON 

Highway  Service  Marineland 
Lawler,  Matusky,  Skelly  Engineers 


John  A.  Williams,  Jr. 


Key  Projects 

Coordinated  and  supervised  geophysical  investiga¬ 
tions  to  locate  buried  drums  and  to  delineate  the 
boundaries  of  a  buried  waste  lagoon  for  a  scrap 
recovery  plant  in  Rhode  Island. 

Geophysical  field  investigation  to  locate  buried 
trenches  and  waste  lagoons  for  a  government  facility 
in  California. 

Geophysical  field  investigation,  well  installation  and 
sample  collection  to  determine  the  distribution  of 
leachate,  and  the  extent  of  contamination  in  a  heavily- 
used  aquifer  in  New  York. 

Geophysical  investigation  to  define  the  lateral  and 
vertical  effect  of  fill  deposition  for  a  facility  in 
Massachusetts. 

Soils  investigation  to  determine  the  extent  of  con¬ 
tamination  from  old  waste  lagoons  and  fire  training 
areas  for  a  government  facility  in  Arizona. 

Hydrogeologic  investigation  for  a  scrap  recovery 
facility  in  western  Pennsylvania. 

Responsible  for  deploying  benthic  and  water  quality 
sampling  gear  and  an  electronic  navigation  system  for 
a  dredge  spoils  disposal  study  in  Lake  Erie. 

Geophysical  investigation  (ground  penetrating  radar 
and  electrical  resistivity)  to  locate  buried  drums  and 
delineate  trench  boundaries  for  a  government  facility 
in  Ohio. 


Professional  Profile 


Fields  of  Competence 

Hydrogeologic  investigation  and  evaluation  of  existing 
and  potential  sanitary  and  hazardous  waste  landfills; 
desian  and  installation  of  groundwater  monitoring 
systems;  interpretation  of  Federal  and  state  en¬ 
vironmental  regulations;  computer  processing  and  inter¬ 
pretation  of  ground  motion  and  geophysical  data; 
groundwater  pollution  detection  and  abatement. 

Experience  Summary 

Four  years  in  geological  studies,  including 
hydrogeologic  evaluations  of  groundwater  contamina¬ 
tion  cases;  collection,  interpretation  and  evaluation  of 
groundwater  quality  data;  hydrogeologic  suitability 
evaluation  of  proposed  sanitary  landfills.  Design  and  in¬ 
stallation  of  groundwater  monitoring  networks; 
technical  assistance  in  emergency  response  and  clean¬ 
up  of  oil  and  hazardous  materials  spills.  One  year  of 
computer  processing  and  interpretation  of  ground  mo¬ 
tion  and  geophysical  data  for  stability  of  structures  im¬ 
pacted  by  earthquakes. 

Credentials 

B.S..  Geology— University  of  Delaware  (1979) 

National  Water  Well  Association,  Technical  Division 
Association  for  Women  Geoscientists 

Employment  History 


1982-Present 

1980-1982 


1979-1980 


WESTON 

Delaware  Division  of  Environmental 
Control 

Water  Supply  Branch 

U  S.  Geological  Survey 
Geologic  Division 
Denver,  Colorado 


Lisa  A.  Hamilton 


Key  Projects 

Continuing  program  of  leachate  control  for  a  sanitary 
landfill  in  New  Castle  County,  Delaware,  including 
water-level  monitoring,  collection  and  analysis  of  water 
samples,  rehabilitation  of  recovery  wells,  maintenance 
of  well  field  records  and  long-term  data  assessment. 

Data  collection,  analysis  and  evaluation  of  hydro¬ 
geologic  data  to  determine  the  existence  of  contamina¬ 
tion  at  a  former  coal  gasification  facility  in  Cape  May 
County,  New  Jersey. 

Data  collection,  analysis  and  evaluation  of  hydro¬ 
geologic  data  to  determine  the  extent  of  contamination 
at  a  coal  pile  in  Mercer  County,  New  Jersey. 

Design,  installation  and  evaluation  of  a  groundwater 
monitoring  system  at  a  sanitary  landfill  in  Kent  County, 
Delaware. 

Evaluation  of  the  impact  of  landfill  leachate  on  a  stream 
and  receiving  pond  in  Kent  County,  Delaware. 

Evaluation  and  interpretation  of  ground  motion  and 
geophysical  data  from  simulated  earthquakes  in  Idaho. 
Utah,  and  Nevada. 

Coordinator  of  "Superfund"  projects  in  the  State  of 
Delaware. 

Geologic  mapping  in  the  Spring  Mountains,  Nevada. 

Publications 

King,  K.W.,  Hays,  W.W.,  Hamilton,  L.A.,  Jungblut,  W.L., 
1979.  "A  Seismic  Wave  Attenuation  Study  of  the  Snake 
River  Plain,  Idaho."  Presented  at  the  Annual  Fall 
Meeting  of  the  American  Geophysical  Union,  San  Fran¬ 
cisco,  California,  1979. 
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Joseph  R.  Althouse 


Fields  of  Competence 

Data  collection;  groundwater  sampling;  hazardous 
waste  surveys;  wastewater  sampling;  flow  measure¬ 
ment  in-house  treatability  systems;  analytical  methods 
In  wet  laboratory;  air  pollution  testing,  chain-of-custody 
protocols;  maintenance  of  laboratory  and  field  equip¬ 
ment  for  projects;  infiltration  and  inflow  programs,  con¬ 
struction  estimating;  quantity  take-off;  pricing;  and  on¬ 
site  sewer  construction  inspection.  Trained  and  cer¬ 
tified  in  all  safety  requirements  for  sampling  at  hazard¬ 
ous  waste  sites. 

Experience  Summary 

Eleven  years  experience  in  wastewater,  groundwater, 
and  hazardous  waste  field  surveys.  Coordination  of  field 
equipment  for  projects  ranging  from  groundwater 
surveys,  stream  surveys,  hazardous  waste,  and  air  pollu¬ 
tion.  Inflow/infiltration  studies,  bioassays,  construction 
estimating,  and  on-site  construction  inspection. 

American  Red  Cross  Certification  in  Cardiopulmonary 
Resuscitation  (CPR)  and  Multimedia  First  Aid 

Basic  life  support  course  in  Self-Contained  Breathing 
Apparatus  (SCBAj 

Employment  History 

1980-Present  WESTON 

1979-1980  Charles  E.  Moore  Associates 

1974-1979  Rexnord  Instrument  Products 

1967-1974  WESTON 

1965-1967  lukens  Steel  Company 

1963-1965  F.restone  Tire  and  Rubber  Company 

Key  Projects 

Protect  Leader  responsible  for  protect  planning  and 
preparation,  conducting  surveys,  data  management,  and 
report  development  ft,,  a  Pennsylvania  Power  Company, 
New  Castle,  PA,  contract. 

Protect  Leader  responsible  for  planning  and  execution 
of  field  effons  and  tor  data  management  activities  on  a 
project  at  Brunner  Island  Unit  3  for  Pennsylvania  Power 
and  Light  Company,  Hazleton,  PA. 


Sewer  construction  inspection;  infiltration/inflow 
analyses  and  sewer  system  evaluation  studies,  in¬ 
cluding  surface  inspection,  physical  inspection,  and 
flow  measurements  for  West  Whiteland  Township, 
Pennsylvania. 

Wastewater  survey  for  U  S.  Steel,  Texas,  including  col¬ 
lecting  flow  data  and  wastewater  samples,  and  con¬ 
structing  and  maintaining  test  equipment. 

Wastewater  survey  for  Pennsylvania  Power  and  Light 
and  Philadelphia  Electric  Company,  Pennsylvania,  in¬ 
cluding  the  collection  of  flow  data  and  wastewater 
samples  for  National  Pollution  Discharge  Elimination 
System. 

Senior  Field  Technician  on  hazardous  waste  remedial 
action  project  for  the  City  of  Philadelphia.  Project  in¬ 
cluded  groundwater  and  soil  sampling  for  priority 
pollutants  and  other  hazardous  organics  and  in¬ 
organics. 

Senior  Field  Technician  on  Installation/Restoration  Pro¬ 
gram  project  for  the  Griffiss  Air  Force  Base.  Rome.  New 
York.  Field  sampling  included  soil  borings  tor  PCB’s 
and  groundwater  sampling  for  a  variety  of  organic  and 
inorganic  compounds. 

Senior  Field  Technician  for  soil  and  swab  sampling  for 
Dioxins  under  an  emergency  response  contract  (TAT) 
with  the  U.S.  EPA  for  the  Times  Beach,  Missouri 
cleanup. 

Responsible  for  field  sampling  on  long-term  ground- 
water  monitoring  program  for  chlorinated  volatile 
organics  for  Uniform  Tubes.  Collegeville,  Pennsylvania 

Field  technician  on  hydrographic  studies  in  the 
Delaware  River  Estuary  for  Public  Service  Electric  and 
Gas,  New  Jersey.  Project  included  thermal  studies, 
bathymetnc  profiles,  current  studies,  and  tidal  marsh 
heat  flux  studies. 

Field  project  for  a  confidential  client  at  a  hazardous 
waste  site  in  Pennsylvania  Sampling  included  soil, 
groundwater.  55-gailon  drums,  tanks,  and  lagoons  for 
organic  and  inorganic  analysis 
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APPENDIX  E 


SAMPLING  AND  QA/QC  PLANS 
E-l.l  MONITORING  WELL  PURGING 

All  groundwater  sampling  was  accomplished  after  the  installed 
monitoring  wells  were  properly  developed  and  had  stabilized  for 
a  period  of  at  least  two  weeks.  Prior  to  collecting  samples, 
each  well  was  purged  by  pumping  a  minimum  of  three  volumes  of 
standing  water  in  the  well  using  a  Johnson-Keck  submersible 
pump.  This  ensured  that  a  representative  sample  of  the 
aquifer  was  collected  during  the  sampling  process.  The  field 
procedures  used  for  monitoring  well  purging  included  the 
following  guidelines: 

1.  Prior  to  placing  any  equipment  into  the  well,  the 
equipment  was  scrubbed  with  Alconox  (detergent)  and 
water  solution  and  rinsed  with  distilled  water. 

2.  Before  purging,  the  depth  to  water  from  the  reference 
measuring  point  on  the  top  of  the  well  casing  was 
measured  and  recorded. 

3.  The  volume  of  water  to  be  purged  based  on  the  amount 
of  standing  water  in  the  well  casing  was  calculated. 

4.  The  well  was  purged  by  pumping,  removing  at  least 
three  times  the  calculated  volume  of  standing  water 
in  the  well  casing. 

5.  The  pump  was  disconnected  and  removed  from  the  well. 
The  equipment  was  decontaminated  by  scrubbing  with 
Alconox  and  flushing  with  deionized  water. 

6.  The  protective  security  caps  were  locked. 


E-1.2  MONITOR  WELL  SAMPLE  COLLECTION 

Groundwater  sampling  was  directed  toward  the  detection  of: 

1.  Total  Organic  Carbon  (TOC) 

2.  Total  Organic  Halogen  (TOX) 

3.  Cyanide 

4.  Phenols 


5.  Oil  and  Grease 

6.  Safe  Drinking  Water  Act  Trace  Metals 
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Boring  Logs  and  Well  Completion  Summaries 
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5.  Nitrate  samples,  due  to  a  24-hour  holding  time 

requirement,  were  transported  in  daily  batches  to 
Weston’s  laboratory  in  West  Chester,  Pennsylvania. 
The  remaining  samples  were  transported  to  the  same 
location,  but  in  larger  batches. 


E-1.3  SOIL  SAMPLING 

All  soil  sampling  accomplished  using  a  drill  rig  employed  the 
Standard  Penetration  Test  ( ASTM  Method  1586)  using  a  steel 
split-spoon  sampler.  Prior  to  taking  each  sample,  the  following 
procedures  were  followed: 

1.  The  split-spoon  sampler  was  washed  thoroughly  with  an 
Alconox  and  water  solution,  and  rinsed  in  tap  water 
from  the  Base-approved  source  for  drilling. 

2.  After  assembly  of  the  sampler,  the  sampler  was  lowered 
into  the  boring  and  the  sample  taken  by  the  Standard 
Penetration  Test  Method. 

3.  Upon  recovery  of  the  sampler  the  spoon  was  split  and 
the  sample  examined  for  soil  characteristics. 

4.  The  sample  was  then  cleaned  of  any  smeared  sample  around 
the  outside  of  the  sampler,  and  the  cleaned,  representative 
sample  was  put  in  a  marked  and  labelled  1  liter  clear 
glass  sampling  jar  with  a  screw  cap. 

5.  Samples  for  analysis  of  Oil  and  Grease,  Pesticides  or 
PCB  were  stored  for  analysis  in  washed  and  baked  sample 
jars  of  cimber  glass,  equipped  with  a  washed  aluminum 
foil  inner  seal. 

All  soil  sampling  not  accomplished  using  a  drill  rig  was  done 
using  a  Teflon  scoop,  or  a  PVC-lined  coring  device.  Care  was 
taken  to  ensure  that  the  sample  taken  for  analysis  was  as 
undisturbed  as  possible,  in  order  that  any  contaminants  present 
would  not  be  winnowed  out  of  the  sample  (in  a  subaqueous  site). 

As  above,  only  specially  prepared  sample  jars  were  used  for 
taking  and  storing  samples  for  pending  analyses. 

Soil  samples  at  McGuire  AFB  were  taken  for  analyses  of: 

1.  Oil  and  Grease 

2.  Polychlorinated  biphenyls  (PCB) 

3.  Safe  Drinking  Water  Act  pesticides. 

Note  1 — The  johnson-Keck  Model  SP-81  Sampling  Pump  is  a  1.5-inch 
diameter,  all  stainless  steel,  archimedes-screw  impellor 
submersible  pump  capable  of  a  steady  discharge  of  about  1  gpm. 
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QUALITY  ASSURANCE  PLAN 


WESTON  Analytical  Services  enforces  a  rigid  QA/QC  program 
toward  maintenance  of  validity  and  reliability  of  all 
analytical  data.  The  Laboratory  QA/QC  Manual  (Table  of 
Contents  thereof  is  Attachment  No.  1  to  this  appendix) 
outlines  the  specifics  of  the  QA/QC  plan.  This  plan  is 
patterned  after  the  EPA  Handbook  for  Analytical  Quality 
Control _ in _ Water  and  Wastewater  Laboratories 


(EPA-600/4-79 -019 ,  March  1979),  augmented  by  general 
applicable  experience  and  interaction  with  the  QA/QC  plan  of 
the  U.S.  Army  Toxic  and  Hazardous  Materials  Agency 
(USATHAMA).  All  methods  and  procedures  followed  by  WESTOn 
are  either  USEPA  or  ASTM-approved .  Any  variations  from  such 
procedures,  regardless  of  cause,  are  documented  by  the 
responsible  analyst  (s)  and  are  documentable,  and, 
literature- traceable .  A  general  review  of  this  QA/QC  plan 
is  in  the  following  paragraphs. 

Although  specific  QA/QC  measures  for  each  method  are 
designated  in  WESTON's  Laboratory  Quality  Assurance 
Manual ,  the  general  QA/QC  program  normally  includes: 

o  EPA-acceptable  sample  preparation  and  analytical 

methods . 

o  Instrument  calibration  via  use  of  Standard 

Analytical  Reference  Materials  (SARMS). 

o  Regular  equipment  maintenance  and  servicing. 

o  Use  of  SARMS  and  QA/QC  samples  (spikes,  laboratory 
blanks,  replicates,  and  splits)  to  ascertain 
overall  precision. 

o  Statistical  evaluation  of  data  to  delineate 

acceptable  limits. 

o  Documentation  of  system/ operator  performance. 

o  Suitable  chain-of-custody  procedures. 

o  Maintenance  and  archiving  of  all  records,  charts, 
and  logs  generated  in  the  above. 

^  o  Proper  reporting. 

Acceptable  analyses  at  WESTON's  Analytical  Laboratory 
Services  include,  but  are  not  limited  to,  the  above. 

In  general,  WESTON's  QA/QC  sequence  follows  the  following 
diagram  (Figure  E-i).  Documentation  (as  available  from 
instrument  recordings  and  technicians'  notebooks)  is 
sufficient  to  validate  each  step  in  the  sequence. 


E.2.2  CONTAINER  PREPARATION 

Another  consideration  in  this,  or  any,  analytical  project  is 
that  of  sample  container  preparation.  Accordingly,  all 
appropriate  sample  bottles  shall  be  cleaned  in  a  manner 
mandated  by  the  U.S.  EPA  to  insure  maximal  cleanliness  (and 
minimal  contamination)  before  the  containers  go  to  the 
field.  Sufficient  bottles  to  accommodate  both  laboratory 
and  field  blank  requirements  will  be  prepared  in  a  single 
batch  mode  for  each  sampling  requirement. 

£.2.3  VERIFICATION/VALIDATION 

In  the  laboratory,  the  analytical  scheme  begins  with  initial 
verification,  which  is  comprised  of: 

o  Lab  Blanks  -  To  insure  that  no  background  level 

of  specific  analytes  is  introduced  by  laboratory 
procedures . 

o  Standard  Analytical  Reference  Materials  (SARMS)  - 

To  determine  the  accuracy  and  precision  of 
procedures . 


o 


Spikes  -  To  determine  the 
analyte(s). 


percent 


recovery  of 


If  the  laboratory  QA/QC  program  is  extended  to  the  field,  it 
includes  a  fifth  item: 


Field  Blanks  -  To  provide  a  check  on 
contamination  of  containers  and/or  preservatives 
and  to  establish  "practical"  detection  limits. 


WESTON  has  used  all  of  the  above  in  this  project.  All  data 
resulting  from  these  verification  media  have  been  archived 
for  future  reference,  retrieval,  or  processing. 


E.2.4  DATA  HANDLING  -  LABORATORY 

Use  of  any  analytical  data  should  be  preceded  by  an 

assessment  of  its  quality.  The  assessment  should  be  based 
on  accuracy,  precision,  completeness,  representativeness, 
and  comparability.  These  criteria  are,  in  turn,  assessed  as 
follows : 

o  Accuracy  -  Is  it  acceptable  for  the  planned  use? 

QA/QC  shall  measure  the  accuracy  of  all  data. 

o  Precision  -  Is  it  acceptable  for  the  planned  use? 

QA/QC  shall  reflect  the  reproducibility  of  the 
measurements . 

o  Completeness  -  Are  the  data  sufficient  for  the 

planned  use?  QA/QC  shall  identify  the  quantity  of 
data  needed  to  match  the  goals. 

o  Representativeness  -Do  the  data  accurately 
reflect  actual  site  conditions,  sampling 
procedures,  and  analytical  method?  QA/QC  shall 
ensure  this. 

o  Comparability  -  Is  the  report  self-consistent  in 

format,  units,  and  standardization  of  methods  used 
to  generate  it?  QA/QC  shall  ensure  this. 

Additionally,  statistical  methods  outlined  in  the  QA/QC 
program  have  been  applicable  to  data  evaluation. 

The  Laboratory  Supervisor  and  the  Laboratory  QA/QC  Officer 
have  been  responsible  for  the  evaluation  of  the  above 
criteria  and  for  enforcement  of  analytical  protocols  that 
will  necessarily  lead  to  acceptable  data  quality.  The 
signature  of  the  Supervisor  and  QA/QC  Officer  accompany  each 
laboratory  analytical  report  and  serve  to  ensure  the  overall 
validity  of  the  reported  data. 


E.2.5  SAMPLE  PLAN/LOG 


Normal  protocol  demands  client-and  /or  site-specific  logging 
of  all  sample  batches  delivered  to  WESTON.  Basic 
information  —  such  as  client  name,  address,  etc.;  client 
phone  number;  reporting/invoicing  instructions;  site 
descriptions;  and  parameter-specifications  and  total 
requirements  —  is  initiated  here.  Additionally,  sample 
storage/disposal  instructions  as  well  as  turnaround 
requirements  and  sample  collection  requirements  are 
addressed  at  this  point. 

The  appropriate  number  of  method  blanks  is  also  logged  at 
this  point,  and  in-house  chain-of-custody  documentation  is 
initiated  here. 

E.2.6  SAMPLE  RESULTS 

WESTON's  analytical  protocols  generally  require  five-point 
calibration  curve  plus  a  reagent  blank  s  the  basis  for 
quantification  analytes  from  a  linear  calibration  curve.  (A 
three-point  plus  blank  curve  vs.  the  original  five  point  one 
|s  acceptable  if  it  falls  within  the  QA/QC  requirements  of 
3  standard  deviation  of  the  original  curve.)  Linear 
regression  analysis  is  then  performed.  Method-  and  detection 
limit-specific  data  are  accessed  for  quantitation  and 
report-writing  from  each  such  data  set.  For  reporting 
accuracy,  the  algorithm 

Linear-Regressea  Solid  Sample  Concentration 

Raw  Concentration  Extract  Volume  or  Final 

from  Calibration  Curve  If  Solid _ Dilution  Factor=  Concen- 

Solid  Sample  Fraction  tration 

Mass  If  Solid  Solids  If  Solid 

is  used  for  all  quantitations.  (All  such  algorithm  input 
data  are  archived  for  long-term  storage.)  Detection  limits 
for  solids  are  generated  on  a  per-sample  basis  and 
calculated  by  replacing  "LINEAR-REGRESSED  RAW  CONCENTRATION 
FROM  CALIBRATION  CURVE"  with  "DETECTION  LIMIT  OF  ANALYTE  IN 
LIQUID  MATRIX"  in  the  above  equation. 
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E.2.7  CHAIN-OF-CUSTODY 

Since  they  document  the  history  of  samples,  chain-of -custody 
procedures  are  a  crucial  part  of  a  sampling/analysis 
program.  Chain-of-custody  documentation  enables 
identification  and  tracking  of  a  sample  from  collection  to 
analysis  to  reporting. 

WESTON's  chain-of-custody  program  necessitates  the  use  of 
EPA-approved  sample  labels,  secure  custody,  and  attendant 
recordkeeping.  Depending  on  the  client's  requirements, 
WESTON  also  offers  container  sealing  during  unattended 
transportation  of  samples. 

In  essence,  WESTON  considers  a  sample  in  custody  if  it:  is 
in  a  WESTON  employee's  physical  possession;  it  is  in  view  of 
that  WESTON  employee;  is  secured  by  that  WESTON  employee  to 
prevent  tampering;  or  is  secured  by  that  WESTON  employee  in 
an  area  that  is  restricted  to  authorized  personnel. 

Each  time  a  sample  is  relinquished  from  one  analyst  to 
another  or  from  one  major  location  to  another,  WESTON's 
analytical  personnel  are  required  to  make  appropriate 
entries.  Personnel-specific  initials  are  used  as  identifiers 
of  analysts,  as  are  location  codes  for  various  locations 
(refrigerators,  extraction  areas,  analytical  areas,  etc.) 
within  the  laboratory.  Each  transaction  for  each  sample  is 
accompanied  by  a  specific  reason  for  transfer. 
Chain-of-custody  documentation  is  given  in  Appendix  G. 

E.2.8  QA/QC  OFFICER 

Toward  maintenance  of  a  rigid,  credible  QA/QC  regimen, 
WESTON  Analytical  Services  maintains  a  full-time,  in-house 
QA/QC  officer  who  retains  independent  authority  to  declare 
out-of-control  situations,  thereby  precluding  reporting  of 
unacceptable  data.  The  QA/QC  officer  has  been  available,  as 
needed,  on  the  project. 
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ORGANIC  CARBON,  TOTAL 

Method  415.1  (Combustion  or  Oxidation) 

STORET  NO.  Total  00650 
Dissolved  00651 


1 .  Scope  and  Application 

1 . 1  This  method  includes  the  measurement  of  organic  carbon  in  drinking,  surface  and  salne 
waters,  domestic  and  industrial  wastes.  Exclusions  are  noted  under  Definitions  aid 
Interferences. 

1.2  The  method  is  most  applicable  to  measurement  of  organic  carbon  above  1  mg/1. 

2.  Summary  of  Method 

2. 1  Organic  carbon  in  a  sample  is  converted  to  carbon  dioxide  (C02)  by  catalytic  combustiui 
or  wet  chemical  oxidation.  The  C02  formed  can  be  measured  directly  by  an  infrard 
detector  or  converted  to  methane  (CH4)  and  measured  by  a  flame  ionization  detecta. 
The  amount  of  C02  or  CH4  is  directly  proportional  to  the  concentration  of  carbonaceois 
material  in  the  sample. 

3.  Definitions 

3. 1  The  carbonaceous  analyzer  measures  all  of  the  carbon  in  a  sample.  Because  of  variois 
properties  of  carbon-containing  compounds  in  liquid  samples,  preliminary  treatment  rf 
the  sample  prior  to  analysis  dictates  the  definition  of  the  carbon  as  it  is  measured.  Form, 
of  carbon  that  are  measured  by  the  method  are: 

A)  soluble,  nonvolatile  organic  carbon;  for  instance,  natural  sugars. 

B)  soluble,  volatile  organic  carbon;  for  instance,  mercaptans. 

C)  insoluble,  partially  volatile  carbon;  for  instance,  oils. 

D)  insoluble,  particulate  carbonaceous  materials,  for  instance;  cellulose  fibers. 

E)  soluble  or  insoluble  carbonaceous  materials  adsorbed  or  entrapped  on  insolubl: 
inorganic  suspended  matter;  for  instance,  oily  matter  adsorbed  on  silt  particles. 

3.2  The  final  usefulness  of  the  carbon  measurement  is  in  assessing  the  potential  oxygen 
demanding  load  of  organic  material  on  a  receiving  stream.  This  statement  applie 
whether  the  carbon  measurement  is  made  on  a  sewage  plant  effluent,  industrial  waste,  o 
on  water  taken  directly  from  the  stream.  In  this  light,  carbonate  and  bicarbonate  carboi 
are  not  a  part  of  the  oxygen  demand  in  the  stream  and  therefore  should  be  discounted  ii 
the  final  calculation  or  removed  prior  to  analysis.  The  manner  of  preliminary  treatmen 
of  the  sample  and  instrument  settings  defines  the  types  of  carbon  which  are  measured 
Instrument  manufacturer’s  instructions  should  be  followed. 
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Sample  Handling  and  Preservation 

4  1  Sampling  and  storage  of  samples  in  glass  bottles  is  preferable.  Sampling  and  storage  in 
plastic  bottles  such  as  conventional  polyethylene  and  cubitainers  is  permissible  if  it  is 
established  that  the  containers  do  not  contribute  contaminating  organics  to  the  samples. 
NOTE  1:  A  brief  study  performed  in  the  EPA  Laboratory  indicated  that  distilled  water 
stored  in  new,  one  quart  cubitainers  did  not  show  any  increase  in  organic  carbon  after 
two  weeks  exposure. 

4.2  Because  of  the  possibility  of  oxidation  or  bacterial  decomposition  of  some  components  of 
aqueous  samples,  the  lapse  of  time  between  collection  of  samples  and  start  of  analysis 
should  be  kept  to  a  minimum.  Also,  samples  should  be  kept  cool  (4°C)  and  protected 
from  sunlight  and  atmospheric  oxygen. 

4.3  In  instances  where  analysis  cannot  be  performed  within  two  hours  (2  hours)  from  time  of 
sampling,  the  sample  is  acidified  (pH  <  2)  with  HC1  or  H2S04. 

Interferences 

5.1  Carbonate  and  bicarbonate  carbon  represent  an  interference  under  the  terms  of  this  test 
and  must  be  removed  or  accounted  for  in  the  final  calculation. 

5.2  This  procedure  is  applicable  only  to  homogeneous  samples  which  can  be  injected  into  the 
apparatus  reproducibly  by  means  of  a  microliter  type  syringe  or  pipette.  The  openings  of 
the  syringe  or  pipette  limit  the  maximum  size  of  particles  which  may  be  included  in  the 
sample. 

Apparatus 

6.1  Apparatus  for  blending  or  homogenizing  samples:  Generally,  a  Waring-type  blender  is 
satisfactory. 

6.2  Apparatus  for  total  and  dissolved  organic  carbon: 

6.2.1  A  number  of  companies  manufacture  systems  for  measuring  carbonaceous 
material  in  liquid  samples.  Considerations  should  be  made  as  to  the  types  of 
samples  to  be  analyzed,  the  expected  concentration  range,  and  forms  of  carbon  to 
be  measured. 

6.2.2  No  specific  analyzer  is  recommended  as  superior. 

Reagents 

7. 1  Distilled  water  used  in  preparation  of  standards  and  for  dilution  of  samples  should  be 
ultra  pure  to  reduce  the  carbon  concentration  of  the  blank.  Carbon  dioxide-free,  double 
distilled  water  is  recommended.  Ion  exchanged  waters  are  not  recommended  because  of 
the  possibilities  of  contamination  with  organic  materials  from  the  resins. 

7.2  Potassium  hydrogen  phthalate,  stock  solution,  1000  mg  carbon/liter:  Dissolve  0.2128  g 
of  potassium  hydrogen  phthalate  (Primary  Standard  Grade)  in  distilled  water  and  dilute 
to  100.0  ml. 

NOTE  2:  Sodium  oxalate  and  acetic  acid  are  not  recommended  as  stock  solutions. 

7.3  Potassium  hydrogen  phthalate,  standard  solutions:  Prepare  standard  solutions  from  the 
stock  solution  by  dilution  with  distilled  water. 

7.4  Carbonate-bicarbonate,  stock  solution,  1000  mg  carbon/liter:  Weigh  0.3500  g  of  sodium 
bicarbonate  and  0.4418  g  of  sodium  carbonate  and  transfer  both  to  the  same  100  ml 
volumetric  flask.  Dissolve  with  distilled  water. 


7.5  Carbonate-bicarbonate,  standard  solution:  Prepare  a  series  of  standards  similar  to  stp 
7.3. 

NOTE  3:  This  standard  is  not  required  by  some  instruments. 

7.6  Blank  solution:  Use  the  same  distilled  water  (or  similar  quality  water)  used  for  Le 
preparation  of  the  standard  solutions. 

8.  Procedure 

8.1  Follow  instrument  manufacturer’s  instructions  for  calibration,  procedure,  aid 
calculations. 

8.2  For  calibration  of  the  instrument,  it  is  recommended  that  a  series  of  standans 
encompassing  the  expected  concentration  range  of  the  samples  be  used. 

9.  Precision  and  Accuracy 

9.1  Twenty-eight  analysts  in  twenty-one  laboratories  analyzed  distilled  water  solutiois 
containing  exact  increments  of  oxidizable  organic  compounds,  with  the  following  result: 


Increment  as 

Precision  as 

Accuracy  as 

TOC 

Standard  Deviation 

Bias, 

Bias, 

mg/liter 

TOC,  mg/liter 

% 

mg/liter 

4.9 

3.93 

+  15.27 

+  0.75 

107 

8.32 

+  1.01 

+  1.08 

(FWPCA  Method  Study  3,  Demand  Analyses) 
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OIL  AND  GREASE,  TOTAL  RECOVERABLE 


Method  413.2  (Spectrophotometric,  Infrared) 

STORET  NO.  005(9 

1.  Scope  and  Application 

1.1  This  method  includes  the  measurement  of  fluorocarbon-113  extractable  matter  frrn 
surface  and  saline  writers,  industrial  and  domestic  wastes.  It  is  applicable  to  tit 
determination  of  hydrocarbons,  vegetable  oils,  animal  fats,  waxes,  soaps,  greases  aid 
related  matter. 

1 .2  The  method  is  applicable  to  measurement  of  most  light  petroleum  fuels,  although  loss  if 
about  half  of  any  gasoline  present  during  the  extraction  manipulations  can  be  expectei. 

1.3  The  method  covers  the  range  from  0.2  to  1000  mg/1  of  extractable  material. 

1.4  While  this  method  can  be  used  to  obtain  an  estimate  of  the  oil  and  grease  that  would  is 
measured  gravimetrically,  in  many  cases  the  estimate  more  accurately  describes  tit 
parameter,  as  it  will  measure  volatiles  more  effectively  and  is  not  susceptible  o 
interferences  such  as  extractable  sulfur.  It  can  be  used  with  the  Petroleum  Hydrocarbci 
procedure  to  obtain  an  oil  and  grease  value  and  a  petroleum  hydrocarbon  value  on  tit 
same  sample. 

2.  Summary  of  Method 

2.1  The  sample  is  acidified  to  a  low  pH  (<2)  and  extracted  with  fluorocarbon- 1 13.  The  ol 
and  grease  is  determined  by  comparison  of  the  infrared  absorbance  of  the  sample  extra.", 
with  standards. 

3.  Definitions 

3. 1  The  definition  of  oil  and  grease  is  based  on  the  procedure  "sed.  The  source  of  the  ol 
and/or  grease,  and  the  presence  of  extractable  non-oily  matter  will  influence  the  matend 
measured  and  interpretation  of  results. 

4.  Sampling  and  Storage 

4. 1  A  representative  sample  of  1  liter  volume  should  be  collected  in  a  glass  bottle.  If  analyss 
is  to  be  delayed  for  more  than  a  few  hours,  the  sample  is  preserved  by  the  addition  of  5  nl 
HC1  (6.1)  at  the  time  of  collection  and  refrigerated  at  4*C. 

4.2  Because  losses  of  grease  will  occur  on  sampling  equipment,  the  collection  of  a  composie 
sample  is  impractical.  Individual  portions  collected  at  prescribed  time  intervals  must  is 
analyzed  separately  to  obtain  the  average  concentration  over  an  extended  period. 

5.  Apparatus 

5. 1  Separatory  funnel,  2000  ml,  with  Teflon  stopcock. 

5.2  Infrared  spectrophotometer,  scanning.  Non-scanning  instruments  may  also  be  used  bit 
can  be  subject  to  positive  interferences  in  complex  chemical  wastewaters. 

5.3  Cells,  10  mm,  50  mm,  and  100  mm  path  length,  sodium  chloride  or  infrared  grade  g1a~. . 

5  4  Filter  paper,  Whatman  No.  40,  1 1  cm. 
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Reagents 

6  1  Hydrochloric  acid,  1:1.  Mix  equal  volumes  of  cone.  HC1  and  distilled  water. 

6.2  Fluorocarbon- 1 1 3, ( 1,1 ,2-lrich!oro- 1 ,2,2-trifluorocthane),  b.  p.  48‘C. 

6.3  Sodium  sulfate,  anhydrous  crystal. 

6.4  Calibration  mixtures: 

6.4.1  Reference  oil.  Pipet  15.0  ml  n-hexadecane,  15.0  ml  isooctane,  and  10.0  ml 
chlorobenzene  into  a  50  ml  glass  stoppered  bottle.  Maintain  the  integrity  of  the 
mixture  by  keeping  stoppered  except  when  withdrawing  aliquots. 

6.4.2  Stock  standard:  Pipet  1.0  ml  reference  oil  (6.4.1)  into  a  tared  200  ml  volumetric 
flask  and  immediately  stopper.  Weigh  and  dilute  to  volume  with  fluorocarbon- 1 13. 

6.4.3  Working  standards:  Pipet  appropriate  volumes  of  stock  standard  (6.4.2)  into  100 
ml  volumetric  flasks  according  to  the  cell  pathlength  to  be  used.  Dilute  to  volume 
with  fluorocarbon- 1 13.  Calculate  concentration  of  standards  from  the  stock 
standard. 

Procedure 

7.1  Mark  the  sample  bottle  at  the  water  meniscus  for  later  determination  of  sample  volume. 
If  the  sample  was  not  acidified  at  time  of  collection,  add  5  ml  hydrochloric  acid  (6.1)  to 
the  sample  bottle.  After  mixing  the  sample,  check  the  pH  by  touching  pH-sensitive  paper 
to  the  cap  to  insure  that  the  pH  is  2  or  lower.  Add  more  acid  if  necessary. 

7.2  Pour  the  sample  into  a  separatory  funnel. 

7.3  Add  30  ml  fluorocarbon- 1 13  (6.2)  to  the  sample  bottle  and  rotate  the  bottle  to  rinse  the 
sides  Transfer  the  solvent  into  the  separatory  funnel.  Extract  by  shaking  vigorously  for  2 
minutes.  Allow  the  layers  to  separate. 

7.4  Filter  the  solvent  layer  into  a  1 00  ml  volumetric  flask  through  a  funnel  containing 
solvent-moistened  filter  paper. 

NOTE:  An  emulsion  that  fails  to  dissipate  can  be  broken  by  pouring  about  1  g  sodium 
sulfate  (6.3)  into  the  filter  paper  cone  and  slowly  draining  the  emulsion  through  the  salt. 
Additional  1  g  portions  can  be  added  to  the  cone  as  required. 

7.5  Repeat  (7.3  and  7.4)  twice  more  with  30  ml  portions  of  fresh  solvent,  combining  all 
solvent  in  the  volumetric  flask. 

7.6  Rinse  the  tip  of  the  separatory  funnel,  filter  paper,  and  the  funnel  with  a  total  of  5-10  ml 
fluorocarbon-113  and  collect  the  rinsings  in  the  flask.  Dilute  the  extract  to  100  ml,  and 
stopper  the  flask. 

7.7  Select  appropriate  working  standards  and  cell  pathlength  according  to  the  following 
table  of  approximate  working  ranges: 


Pathlength 

10  mm 
50  mm 
100  mm 


Range 

2-40  mg 
0  4—8  mg 
0.1-4  mg 


7.8  Scan  standards  and  samples  from  3200  cm  '  to  2700  cm'1  with  fluorocarbon- 1 1 3  in  the 
reference  beam  and  record  the  results  on  absorbance  paper.  The  absorbances  of  samples 


and  standnwls  ate  measured  by  constructing  a  straight  baseline  over  the  range  of  the  s-n 
and  measuiing  the  absorbance  of  the  peak  maximum  at  2930  cm  1  and  subtracting  tie 
baseline  absorbance  at  that  point.  For  an  example  of  a  typical  oil  spectrum  and  baseine 
construction,  sec  Gruenfeld'11.  Non-scanning  instruments  should  be  operated  accordng 
to  manufacturer’s  instructions,  although  calibration  must  be  performed  using  tie 
standards  described  above  (6.4).  If  the  absorbance  exceeds  0.8  for  a  sample,  selec  a 
shorter  pathlength  or  dilute  as  required. 

7.9  Use  a  calibration  plot  of  absorbance  vs.  mg  oil  prepared  from  the  standards  to  determne 
the  mg  oil  in  the  sample  solution. 

Calculation 

R  x  D 

8.1  mg/1  total  oil  and  grease  =  — y — 

where: 

R  =  oil  in  solution,  determined  from  calibration  plot,  in  milligrams. 

D  —  extract  dilution  factor,  if  used. 

V  =  volume  of  sample,  determined  by  refilling  sample  bottle  to  calibration  line  aid 
correcting  for  acid  addition  if  necessary,  in  liters. 

Precision  and  Accuracy 

9. 1  The  two  oil  and  grease  methods  in  this  manual  were  tested  by  a  single  laboratory  (EM5-) 
on  sewage.  This  method  determined  the  oil  and  grease  level  in  the  sewage  to  be  l'-5 
mg/1.  When  1  liter  portions  of  the  sewage  were  dosed  with  ICO  mg  of  a  mixture  of  ?2 
fuel  oil  and  Wesson  oil,  the  recovery  was  99%  with  a  standard  deviation  of  *1.4  mg  1. 
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PHENOLICS,  TOTAL  RECOVERABLE 


Method  420.1  (Spectrophotometric,  Manual  4-AAP  with  Distillation) 

STORET  NO.  32731 


1 .  Scope  and  Application 

1 . 1  This  method  is  applicable  to  the  analysis  of  drinking,  surface  and  saline  waters,  domesti 
and  industrial  wastes. 

1.2  The  method  is  capable  of  measuring  phenolic  materials  at  the  5  ug/1  level  when  th 
colored  end  product  is  extracted  and  concentrated  in  a  solvent  phase  using  phenol  as ; 
standard. 

1.3  The  method  is  capable  of  measuring  phenolic  materials  that  contain  more  than  50  ug/ 
in  the  aqueous  phase  (without  solvent  extraction)  using  phenol  as  a  standard. 

1.4  It  is  not  possible  to  use  this  method  to  differentiate  between  different  kinds  of  phenols. 

2.  Summary  of  Method 

2.1  Phenolic  materials  react  with  4-aminoantipyrine  in  the  presence  of  potassiun 
ferricyanide  at  a  pH  of  10  to  form  a  stable  reddish-brown  colored  antipyrine  dye.  Th: 
amount  of  color  produced  is  a  function  of  the  concentration  of  phenolic  material. 

3.  Comments 

3.1  For  most  samples  a  preliminary  distillation  is  required  to  remove  interfering  materials. 

3.2  Color  response  of  phenolic  materials  with  4-amino  antipyrine  is  not  the  same  for  al 
compounds.  Because  phenolic  type  wastes  usually  contain  a  variety  of  phenols,  it  is  no 
possible  to  duplicate  a  mixture  of  phenols  to  be  used  as  a  standard.  For  this  reason  pheno 
has  been  selected  as  a  standard  and  any  color  produced  by  the  reaction  of  other  phenolic 
compounds  is  reported  as  phenol.  This  value  will  represent  the  minimum  concentratioi 
of  phenolic  compounds  present  in  the  sample. 

4.  Sample  Handling  and  Preservation 

4.1  Biological  degradation  is  inhibited  by  the  addition  of  1  g/1  of  copper  sulfate  to  tfu 
sample  and  acidification  to  a  pH  of  less  than  4  with  phosphoric  acid.  The  sample  shoulc 
be  kept  at  4°C  and  analyzed  within  24  hours  after  collection. 

5.  Interference 

5.1  Interferences  from  sulfur  compounds  are  eliminated  by  acidifying  the  sample  to  a  pH  o. 
less  than  4  with  H3PO«  and  aerating  briefly  by  stirring  and  adding  CuS04. 

5.2  Oxidizing  agents  such  as  chlorine,  detected  by  the  liberation  of  iodine  upon  acidificatior 
in  the  presence  of  potassium  iodide,  are  removed  immediately  after  sampling  by  the 
addition  of  an  excess  of  ferrous  ammonium  sulfate  (6r^).  If  chlorine  is  not  removed,  the 
phenolic  compounds  may  be  partially  oxidized  and  the  results  may  be  low. 
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6.  Apparatus 

6.1  Distillation  apparatus,  all  glass  consisting  of  a  1  liter  pyrex  distilling  apparatus  with 
Graham  condenser. 

6.2  pH  meter. 

6.3  Spectrophotometer,  for  use  at  460  or  5 10  nm. 

6.4  Funnels. 

6.5  Filter  paper. 

6.6  Membrane  filters. 

6.7  Separatory  funnels,  500  or  1 ,000  ml. 

6.8  Nessler  tubes,  short  or  long  form. 

7.  Reagents 

7.1  Phosphoric  acid  solution,  1  +  9:  Dilute  10  ml  of  85%  H3P04  to  100  ml  with  distilled 
water. 

7.2  Copper  sulfate  solution:  Dissolve  100  g  CuS04»5H20  in  distilled  water  and  dilute  to  1 
liter. 

7.3  Buffer  solution:  Dissolve  16.9  g  NH4C1  in  143  ml  cone.  NH4OH  and  dilute  to  250  ml 
with  distilled  water.  Two  ml  should  adjust  100  ml  of  distillate  to  pH  10. 

7.4  Aminoantipyrine  solution:  Dissolve  2  g  of  4AAP  in  distilled  water  and  dilute  to  100  ml. 

7.5  Potassium  ferricyanide  solution:  Dissolve  8  g  of  K3Fe(CN)6  in  distilled  water  and  dilute 

to  100  ml.  t.ooy. 

7.6  Stock  phenol  solution:  Dissolve  4++g  phenol  in  freshly  boiled  and  cooled  distilled  water 
and  dilute  to  1  liter.  1  ml  =  1  mg  phenol. 

7.7  Working  solution  A:  Dilute  10  ml  stock  phenol  solution  to  1  liter  with  distilled  water. 

1  ml  =  10  ug  phenol. 

7.8  Working  solution  B:  Dilute  100  ml  of  working  solution  A  to  1000  ml  with  distilled  water. 

1  ml  =  1  ug  phenol. 

7.9  Chloroform 

8.  Procedure 

8.1  Distillation 

8.1.1  Measure  500  ml  sample  into  a  beaker.  Lower  the  pH  to  approximately  4  with  1  +  9 
H3P04  (7.1),  add  5  ml  CuS04  solution  (7.2)  and  transfer  to  the  distillation 
apparatus.  Omit  adding  HjP04  and  CuS04  if  sample  was  preserved  as  described  in 
4.1. 

8.1.2  Distill  450  ml  of  sample,  stop  the  distillation,  and  when  boiling  ceases  add  50  ml  of 
warm  distilled  water  to  the  flask  and  resume  distillation  until  500  ml  have  been 
collected. 

8. 1 .3  If  the  distillate  is  turbid,  filter  through  a  prewashed  membrane  filter. 

8.2  Direct  photometric  method 

8  2.1  Using  working  solution  A  (7.7),  prepare  the  following  standards  in  100  ml 
volumetric  flasks. 
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ml  of  working  solution  A 
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8.2.2  To  100  ml  of  distillate  or  an  aliquot  diluted  to  100  ml  and/or  standards,  add  2  ml  if 
buffer  solution  (7.3)  and  mix.  The  pH  of  the  sample  and  standards  should  ie 
10  ±0.2. 

8.2.3  Add  2.0  ml  aminoantipyrine  solution  (7.4)  and  mix. 

8.2.4  Add  2.0  ml  potassium  ferricyanide  solution  (7.5)  and  mix. 

8.2.5  After  15  minutes  read  absorbance  at  510  nm. 

8.3  Chloroform  extraction  method 

8.3.1  Using  working  solution  B  (7.8),  prepare  the  following  standards.  Standards  may  it 
prepared  by  pipetting  the  required  volumes  into  the  separatory  funnels  aid 
diluting  to  500  ml  with  distilled  water. 


ml  of  working  solution  B  Cone,  ug/1 

- (TO -  0.6 

3.0  6.0 

5.0  10.0 

10.0  20.0 

20.0  40.0 

25.0  50.0 


8.3.2  Place  500  ml  of  distillate  or  an  aliquot  diluted  to  500  ml  in  a  separatory  funnel.  Tie 
sample  should  not  contain  more  than  25  ug  phenol. 

8.3.3  To  sample  and  standards  add  10  ml  of  buffer  solution  (7.3)  and  mix.  The  pf 
should  be  10  ±0.2. 

8.3.4  Add  3.0  ml  aminoantipyrine  solution  (7.4)  and  mix. 

8.3.5  Add  3.0  ml  potassium  ferricyanide  solution  (7.5)  and  mix. 

8.3.6  After  three  minutes,  extract  with  25  ml  of  chloroform  (7.9).  Shake  the  separator-’ 
funnel  at  least  10  times,  let  CHClj  settle,  shake  again  10  times  and  let  chlorofom 
settle  again. 

8.3.7  Filter  chloroform  extracts  through  filter  paper.  Do  not  add  more  chloroform. 

8.3.8  Read  the  absorbance  of  the  samples  and  standards  against  the  blank  at  460  hm. 

Calculation 

9.1  Prepare  a  standard  curve  by  plotting  the  absorbance  value  of  standards  versus  tie 

corresponding  phenol  concentrations. 

9.2  Obtain  concentration  value  of  sample  directly  from  standard  curve. 


Precision  and  Accuracy 

10.1  Using  the  extraction  procedure  for  concentration  of  color,  six  laboratories  analyzed 
samples  at  concentrations  of  9.6.  48.3,  and  93.5  ug/1.  Standard  deviations  were 
±0.99,  i3.1and  ±4.2  ug/1,  respectively. 

10.2  Using  the  direct  photometric  procedure,  six  laboratories  analyzed  samples  at 
concentrations  of  4.7,  48.2  and  97.0  mg/1.  Standard  deviations  were  ±0.18,  ±0.48  and 
±  1.58  mg/1,  respectively. 
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|  Appendix  IV. — Inductively  Coupled 

Plasma  Optical  Emission  Spectrometric 
Method  (ICP)  for  Trace  Element 
|  Analysis  of  Water  and  Wastes 

‘  Inductively  Coupled  Plasma  (1CP) 

Optical  Emission  Spectrometric  Method 
r  /or  Trace  Element  Analysis  of  Wofer 
|  and  Wastes 

Interim 

U.S.  Environmental  Protection  Agency, 

[  Environmental  Monitoring  and  Support 

Laboratory.  Cincinnati.  Ohio  4526* 

October  1379. 

,  Foreword 

This  method  has  been  prepared  by  the 
staff  of  the  Environmental  Monitoring 
and  Support  Laboratory — Cincinnati 
i  with  the  cooperation  of  the  EPA-1CP 

Users  Croup.  Their  cooperation  and 
support  is  gratefully  acknowledged. 

This  method  represents  the  current 
state-of-the-art  but  as  time  progresses, 
improvements  are  anticipated.  Users  are 
encouraged  to  identify  problems  and 
assist  in  updating  the  method  by 
contacting  the  Environmental 
Monitoring  and  Support  Laboratory, 
Cincinnati.  Ohio  45208. 

Inductively  Coupled  Plasma  (ICP) 

Optical  Emission  Spectrometric  Method 
for  Trace  Element  Analysis  of  Water 
and  Wastes 

1.  Scope  and  Application. 

1.1  This  method  may  be  used  for  the 
determination  of  dissolved,  suspended, 
or  total  elements  in  surface  water, 
drinking  water,  and  domestic  and 
industrial  wastewaters. 

1.2  Dissolved  elements  are 
determined  in  filtered  and  acidified 
samples  Appropriate  steps  must  be 
taken  to  ensure  that  potential 


interference  are  taken  into  account 
when  dissolved  solids  exceed  1500  mg/1. 
(See  4  2) 

1.3  Total  elements  are  determined 
after  appropriate  digestion  procedures 
are  performed.  Since  digestion 
techniques  increase  the  dissolved  solids 
content  of  the  samples,  appropriate 
steps  must  be  taken  to  correct  for 
potential  interference  effects. 

1.4  Table  1  lists  elements  for  which 
this  method  applies  along  with 
recommended  wavelengths  and  typical 
estimated  instrumental  detection  limits. 
Actual  working  detection  limits  are 
sample  dependent  and  as  the  sample 
matrix  varies,  these  concentrations  may 
also  vary.  In  time,  other  elements  may 
be  added  as  more  information  become* 
available. 

1.5  Because  of  the  differences 
between  various  makes  and  models  of 
satisfactory  instruments,  no  detailed 
instrumental  operating  instructions  can 
be  provided.  Instead,  the  analyst  is 
referred  to  the  instructions  provided  by 
the  manufacturer  of  the  particular 
Instrument 

Table  1  — #0corrvT>*nd*d  Wt  wftngtfxs  1 

and  Estimated  InitrumenUl  Detection  Limit# 
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2.  Summary  of  Method. 

2.1  The  method  describes  t 
technique  for  the  simultaneous 
sequential  multielement  detetiv.nation 
of  trace  elements  in  solution.  T.e  basis 
of  the  method  is  the  measuremnt  of 
atomic  emission  by  an  optical 
spectroscopic  technique.  Sampes  are 
nebulized  and  the  aerosol  that  s 
produced  is  transported  to  the  >iasma 
torch  where  excitation  occur*. 
Characteristic  atomic-line  emision 
spectra  are  produced  by  a  radii- 
frequency  inductively  coupled  liasma 
(ICP).  The  spectra  are  dispersei  by  a 
grating  spectrometer  and  the  inensitiea 
of  the  lines  are  monitored  by 
photomultiplier  tubes.  The 
photocurrents  from  the  pbotomiltiplier 
tubes  are  processed  and  controled  by  a 
computer  system.  A  backgroum 
correction  technique  is  requirer  to 
compensate  for  variable  background 
contribution  to  the  delerminatjm  of 
trace  elements.  Background  mu  t  be 
measured  adjacent  to  analyte  lues  on 
samples  during  analysis.  Additional 
interferences  named  in  4.1  shoud  also 
be  recognized  and  appropriate 
corrections  made. 

3.  Definitions. 

3.1  Dissolved — Those  elements 
which  will  pass  through  a  0.45  un 
membrane  filter. 

3.2  Suspended — Those  elements 
which  are  relamed  by  a  0.45  pn 
membrane  filter. 

3.3  Total — The  concenLratioi 
determined  on  an  unfiltered  same 
following  vigorous  digestion  (Sr. 'non 
8.3).  or  the  sum  of  the  dissolved  :;us 
suspended  concentrations  (Secu.n  8  1 
plus  8.2). 

3.4  Total  recoverable — The 
concentration  determined  on  ar 


t»‘j;  t.o 
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unfiltired  sample  following  treatment 
with  hot.  dilute  mineral  acid  (Section 
8  4) 

3.5  Instrumental  detection  limit — 
The  concentration  equivalent  to  a  signal, 
due  to  the  analyte,  which  is  equal  to 
three  times  the  standard  deviation  of  a 
series  of  ten  replicate  measurements  of 

a  reagent  blank  signal  at  the  same 
wavelength. 

2.6  Sensitivity — The  slope  of  the 
analytical  curve,  i.e.  funtional 
relationship  between  emission  intensity 
and  concentration. 

3.7  Instrument  check  standard — A 
multielement  standard  of  known 
concentrations  prepared  by  the  analyst. 
Should  be  included  in  the  analytical 
scheme  with  a  frequency  of  10%.  (See 

6  6.1.) 

3.8  Reference  standard— A  solution 
obtained  from  an  outside  source  having 
known,  verified  values.  Must  be  used 
initially  to  verify  the  calibration 
standards  and  analyzed  thereafter  as  • 
blind  sample  on  a  weekly  frequency. 

(See  6  6_2.) 

3.9  Calibration  standards — A  series 
of  known  standard  solutions  used  by  the 
analyst  for  calibration  of  the  instrument 
(i  e  .  preparation  of  the  analytical  curve). 
(See  6  4.) 

3.10  Linear  dynamic  range — The 
concentration  range  over  which  the 
analytical  curve  remains  linear. 

3.11  Reagent  blank— A  volume  of 
deionized,  distilled  water  containing  the 
same  acid  matrix  as  the  calibration 
standards  carried  through  the  entire 
analytical  scheme.  (See  6.5 X) 

3.12  Calibration  blank — A  volume  of 
deionized,  distilled  water  acidified  with 
HNO.  and  HC1.  (See  8.5.1.) 

3.13  Method  of  standard  addition — 
The  standard  addition  technique 
involves  the  use  of  the  unknown  and  the 
unknown  plus  a  known  amount  of 
standard.  (See  9.6.1.) 

4.  Interferences. 

4.1  Seveial  types  of  interference 
effects  may  contribute  to  Inaccuracies  In 
the  determination  of  trace  elements. 

They  can  be  summarized  as  follows: 

4.1.1  Spectral  interferences  can  be  ' 
categorized  as  (1)  overlap  of  a  spectral 
line  from  another  element:  (2) 
unresolved  overlap  of  molecular  band 
spectra:  (3)  background  contribution 
from  continuous  or  recombination 
phenomena:  and  (4)  background 
contribution  from  stray  light  from  the 
line  emission  of  high  concentration 
elements.  The  first  of  these  effects  can 
be  compensated  by  utilizing  a  computer 
correction  of  the  raw  data,  requiring 
measurement  of  the  interfering  element. 
The  second  effect  may  require  selection 
oT  an  alternate  wavelength.  The  third 
and  fourth  effects  can  usually  be 


compensated  by  a  background 
correction  adjacent  to  the  analyte  line 

4.1.2  Physical  interferences  are 
generally  considered  to  be  effects 
associated  with  the  sample  nebulization 
and  transport  processes.  Such  properties 
as  change  in  viscosity  and  surface 
tension  can  cause  significant 
inaccuracies  especially  in  samples 
which  may  contain  high  dissolved  solids 
and/or  acid  concentrations.  (See  Note 
1.)  If  these  types  of  interferences  are 
operative,  they  must  be  reduced  by 
dilution  of  the  sample  and/or  utilization 
of  standard  addition  techniques. 

Note  1. — The  use  of  a  peristaltic  pump  may 
lessen  these  Interferences. 

4.1.3  Chemical  interferences  are 
characterized  by  molecular  compound 
formation,  ionization  effects  and  solute 
vaporization  effects.  Normally  these 
effects  are  not  pronounced  with  the  1CP 
technique,  however,  if  observed  they 
can  be  minimized  by  careful  selection  of 
operating  conditions  (that  is,  incident 
power,  observation  position,  and  so 
forth),  by  buffering  of  the  sample,  by 
matrix  matching,  and  by  standard 
addition  procedures.  These  types  of 
interferences  can  be  highly  dependent 
on  matrix  type  and  the  specific  analyte 
element. 

4.2  It  is  recommended  that  whenever 
a  new  or  unusual  sample  matrix  is 
encountered,  a  series  of  tests  be 
performed  prior  to  reporting 
concentration  data  for  analyle  elements. 
These  tests,  as  outlined  in  4X1  through 
4.2.4.  will  ensure  the  analyst  that  neither 
positive  nor  negative  interference  effects 
are  operative  on  any  of  the  analyte 
elements  thereby  distorting  the  accuracy 
of  the  reported  values. 

4X1  Serial  dilution — If  the  analyte 
concentration  is  sufficiently  high 
(minimally  a  factor  of  10  above  the 
instrumental  detection  limit  after 
dilution),  an  analysis  of  a  dilution 
should  agree  within  &  percent  of  the 
original  determination  (or  within  some 
acceptable  control  limit  (13.3)  that  has 
been  established  for  that  matrix).  If  not 
a  chemical  or  physical  interference 
effect  should  be  suspected. 

4X2  Spike  addition — The  recovery 
of  a  spike  addition  added  at  a  minimum 
level  of  10X  the  instrumental  detection 
limit  (maximum  100X)  to  the  original 
determination  should  be  recovered  to 
within  90  to  110  percent  or  within  the 
established  control  limit  for  that  matrix. 

1/  not,  a  matrix  effect  should  be 
suspected.  The  use  of  a  standard 
addition  analysis  procedure  can  usually 
compensate  for  this  effect. 

Caution.— The  standard  addition  technique 
does  not  detect  coincident  spectral  overlap.  If 
suspected.  use  of  an  alternate  wavelength  or 


com) „rison  with  an  a'terr.alr  metho." 
recommended  (See  4  2  3) 

4  2.3  Comparison  with  o’temc: 
method  of  analysis — When  inves  rung 
a  new  sample  matrix,  comparison  ists 
may  be  performed  with  other  anai .  cal 
techniques  such  as  atomic  absorp:.r> 
spectrometry,  or  other  approved 
methodology. 

4.2.4  Wavelength  scanning  of 
analyte  line  region — If  the  appropnte 
equipment  is  available,  wavelengt. 
scanning  can  be  performed  to  dele: 
potential  spectral  interferences. 

5.  Apparatus. 

5.1  Inductively  Coupled  Plasm.  ICP) 
Optical  Emission  Spectrometer. 

5.1.1  Computer  controlled  atom; 
emission  spectrometer  with  background 
correction. 

5.1.2  Radiofrequency  generator 

5.1.3  Argon  gas  supply,  weldinj 
grade  or  better. 

5.2  Operating  conditions — Became 
of  the  differences  between  various 
makes  and  models  of  satisfactory 
instruments,  no  detailed  operating 
instructions  can  be  provided.  Inste&i. 
the  analyst  should  follow  the 
instructions  provided  by  the 
manufacturer  of  the  particular 
instrument  Sensitivity,  instruments 
detection  limit  precision,  linear 
dynamic  range,  and  interference  efisrts 
must  be  investigated  and  establishei  for 
each  individual  analyte  line  on  that 
particular  instrument 

6.  Reagents  and  standards. 

6.1  Acids  used  in  the  preparatioi  sf 
standards  and  for  sample  processin; 
must  be  ultra-high  purity  grade  or 
equivalent  Redistilled  acids  are 
acceptable. 

6.1.1  Acetic  acid,  cone,  (sp  gr  1  J» 
612  Aqua  regia:  Mix  cautiously 

parts  cone  HQ  (sp  gr  1.19)  and  1  par 
cone  HNO,  (sp  gr  1.41)  Just  before  us.. 

61.3  Hydrochloric  odd,  cone  (sj  gr 
1.19). 

6.1.4  Hydrochloric  odd,  (1  + 1):  Aid 
500  ml  cone  HQ  (sp  gr  1.19)  to  400  ru 
deionized,  distilled  water  and  dilute  o  1 
liter. 

6.1.5  Nitric  odd,  cone  (sp  gr  1.41  • 

6.1.6  Nitric  odd,  (1+1):  Add  500  nl 
cone.  HNO,  (sp  gr  1.41)  to  400  mJ 
deionized,  distilled  water  and  dilute  t;  1 
liter. 

6.2  Deionized,  distilled  water: 
Prepare  by  passing  distilled  water 
through  a  mixed  bed  of  cation  and  anun 
exchange  resins.  Use  deionized,  distiled 
water  for  the  preparation  of  all  reagruis. 
calibration  standards  and  as  dilution 
water. 

6.3  Standard  stock  solutions  may  >e 
purchased  or  prepared  from  ultra  higi 
purity  grade  chemicals  or  metals 
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(Caution:  See  Note  2)  All  salts  must  be 
dried  for  1  h  at  105’  C  unless  otherwise 
specified. 

Not*  L — Many  metai  salts  are  extremely 
toxic  and  may  be  fatal  if  swallowed.  Wash 
hands  thoroughly  after  handling. 

Typical  stock  solution  preparation 
procedures  follow: 

0.3.1  Aluminum  solution,  stock,  1 
ml  =  100  ;sg  AL  Dissolve  0.100  g  of 
aluminum  metal  in  an  acid  mixture  of  4 
ml  of  (1  + 1)  HQ  and  1  ml  of  cone.  HNO, 
in  a  beaker.  Warm  gently  to  effect 
solution.  When  solution  is  complete, 
transfer  quantitatively  to  a  liter  flask, 
add  an  additional  10  ml  of  (1  +  1)  HQ 
and  dilute  to  1,000  ml  with  deionized, 
distilled  water. 

6.3.2  Arsenic  solution,  stock,  1 
ml  =  100  fig  As:  Dissolve  0.1320  g  of 
AstO.  in  100  ml  of  deionized,  distilled 
water  containing  0.4  g  NaOH.  Acidify 
the  solution  with  2  ml  cone.  NHOa  and 
dilute  to  1.000  ml  with  deionized, 
distilled  water. 

0.3.3  Barium  solution,  stock,  1 
ml  =  100  fig  Ba:  Dissolve  0.1510  g  BaQ, 
in  10  ml  deionized,  distilled  water  with  1 
ml  (1  +  1)  HC1.  Add  10  0  ml  (1  + 1)  HQ 
and  dilute  to  1.000  ml  with  deionized, 
distilled  water. 

0.3.4  Beryllium  solution,  stock.  1 
ml  =  100  fig  Be:  Dissolve  1.127  g 
Be.O[C,H,0,),  beryllium  acetate  basic, 
in  a  minimum  amount  of  cone,  acetic 
acid.  Add  10.0  ml  cone.  HNO,  and  dilute 
to  1.000  ml  with  deionized,  distilled 
water. 

:•  0.3.5  Boron  solution,  stock,  1  ml  =  100 
"jig  B:  Dissolve  0.5716  g  anhydrous  RJiO, 
in  deionized,  distilled  water  and  dilute 
to  1.000  ml.  Because  H,BO,  loses  weight 
on  drying  at  105*  C,  use  a  reagent 
meeting  ACS  specifications  and  keep 
the  bottle  tightly  stoppered  to  prevent 
the  entrance  of  atmospheric  moisture. 

0.3.6  Cadmium  solution,  stock.  1 
ml  =  100  fig  Cd:  Dissolve  0.1142  g  CdO  in 
a  minimum  amount  of  (1  +  1)  HNO,. 

Heat  to  increase  rate  of  dissolution.  Add 
10.0  ml  cone.  HNO,  and  dilute  to  1,000 
ml  with  deionized,  distilled  water. 

6.3.7  Calcium  solution,  stock.  1 ' 
ml  =  100  fig  Ca:  Suspend  0.2498  g  CaCO, 
dned  at  180*  C  for  1  h  before  weighing  in 
deionized,  distilled  water  and  dissolve 
cautiously  with  a  minimum  amount  of 
(1  +  1)  HNO,.  Add  10.0  ml  cone.  HNO, 
and  dilute  to  1.000  ml  with  deionized, 
distilled  water. 

6  3  8  Chromium  solution,  stock.  1 
ml  =  100  fig  Cr.  Dissolve  0  1923  g  of  CrO, 
in  deionized,  distilled  water.  When 
solution  is  complete,  acidify  with  10  ml 
cone  H.N'Oi  and  dilute  to  1.000  ml  with 
deionized,  distilled  water. 

6  19  Coholt  solution,  stock.  1 
mi  =  100  pg  Co  Dissolve  0  1407  g  Co.O, 


in  a  minimum  amount  of  (1  +  1)  HNO,. 
Add  10.0  ml  cone.  HNO,  and  dilute  to 
1.000  ml  with  deionized,  distilled  water. 

6.3.10  Copper  solution,  stock.  1 

m)  =  100  fig  Cu;  Dissolve  0.1252  g  CuO  in 
a  minimum  amount  of  (1  +  1)  HNO,.  Add 
10.0  ml  cone.  HNO,  and  dilute  to  1,000 
ml  with  deionized,  distilled  water. 

6.3.11  Iron  solution,  stock.  1  ml  =  100 
fig  Fe:  Dissolve  0.1430  g  Fe,0,  in  10  ml 
deionized,  distilled  water  with  1  ml 

(1  + 1)  HCL  Add  10.0  ml  cone.  HNO,  and 
dilute  to  1,000  ml  with  deionized, 
distilled  water. 

6.3.12  Lead  solution,  stock,  1  ml  =  100 
pg  Pb:  Dissolve  0.1599  g  Pb(NO,)>  in  a 
minimum  amount  of  (1  +  1)  HNO,.  Add 
10.0  ml  cone.  HNO,  and  dilute  to  1,000 
ml  with  deionized,  distilled  water. 

8.3.13  Lithium  solution,  stock.  1 

ml  =  100  pg  Li:  Dissolve  0.5323  g  IJ, CO, 
slowly  in  a  minimum  amount  of  (1+1) 
HNO,  Add  10.0  ml  cone.  HNO,  and 
dilute  to  1,000  ml  with  deionized, 
distilled  water. 

0.3.14  Magnesium  solution,  stock.  1 
ml  =  100  fig  Mg:  Dissolve  0.1658  g  MgO 
in  a  minimum  amount  of  (1  +  1)  HNO, 
Add  10.0  ml  cone.  HNO,  and  dilute  to 
1,000  ml  with  deionized,  distilled  water. 

13.15  Manganese  solution,  stock.  1 
ml  =  100  fig  Mrc  Dissolve  0.5225  g 
Mn(NO,),<6H.O  (do  not  dry)  in 
deionized,  distilled  water.  Add  10.0  mi 
cone.  HNO.  and  dilute  to  1.000  ml  with 
deionized,  distilled  water. 

0.3.10  Molybdenum  solution,  stock.  1 
ml  =  100  pg  Mo:  Dissolve  0.2043  g 
(NH,)»MoO.  In  deionized,  distilled  water 
and  dilute  to  1,000  mi. 

0.3.17  Nickel  solution,  stock,  1  ml  = 
100  pg  Ni:  Dissolve  0.4953  g  Ni(NO,), 
<0H,O  In  deionized,  distilled  water.  Add 
10  ml  of  cone.  HNO,  and  dilute  to  1.000 
ml  with  deionized,  distilled  water. 

0.3.18  Potassium  solution,  slock,  1  ml 
=  100  fig  K:  Dissolve  0.1907  g  KC1,  dried 
at  110*  C.  in  deionized,  distilled  water 
dilute  to  1,000  ml. 

0.3.19  Selenium  solution,  stock,  1  ml 
=  100  fig  Se:  Dissolve  0.1727  g  H,SeO,  in 
deionized,  distilled  water  and  dilute  to 
1.000  m). 

0.3.20  Silica  solution,  stock,  1  ml  = 
100  fig  SiO,:  Do  not  dry.  Dissolve  0.4730 
g  Na.SiO,  <9H,0  In  deionized,  distilled 
water.  Add  10.0  ml  cone.  HNO,  and 
dilute  to  1,000  ml  with  deionized, 
distilled  water. 

0.3.21  Silver  solution,  stock.  1  ml  =  1 
fig  Ag:  Dissolve  0  1575  g  AgN'Oi  in  100 
ml  of  deionized,  distilled  water  and  10 
ml  cone.  HNO,.  Dilute  to  1.000  ml  with 
deionized,  distilled  water 

6.3.22  Sodium  solution,  stork.  1  ml  = 
100  pg  Na:  Dissolve  0.2542  g  NaCl  in 
deionized,  distilled  water  Add  100  ml 
cone  HNO,  and  dilutr  to  1  000  ml  with 
dcionizrd  distilled  water 


6.3.23  Strontium  solution,  s::-l~  1  ml 
=  100  ftg  Sr.  Dissolve  0  2418  g  ::NO,)i 
in  deionized,  distilled  water.  A  -  10.0 
ml  cone.  HNO,  and  dilute  to  l.t/J  ml 
with  deionized,  distilled  water. 

6.3.24  Vanadium  solution,  sock,  1  iul 
=  100  pg  V:  Dissolve  0.2 237  Nf.  /O.  in 

a  minimum  amount  of  cone.  HN7,  Heat 
to  increase  rate  of  dissolution.  oid  10.0 
ml  cone.  HNO,  and  dilute  to  l.r/3  ml 
with  deionized,  distilled  water 

6.3.25  Zinc  solution,  stock.  cJ  = 

100  pg  Zn:  Dissolve  0.1245  g  Znf  in  a 
minimum  amount  of  dilute  HNf>-  Add 
10.0  ml  cone.  HNO,  and  dilute  b  1.000 
ml  with  deionized,  distilled  watr. 

8.4  Mixed  calibration  s  tanr.sd 
solutions — Prepared  mixed  calii'ation 
standard  solutions  by  combiniiv 
appropriate  volumes  of  the  stoc. 
solutions  in  volumetric  flasks,  f.+e  6.4.1 
thru  6.4.0)  Add  2  ml  of  (1  +1)  HfO,  and 
2  ml  of  (1 4-1)  HC1  and  dilute  to  00  ml 
with  deionized,  distilled  water  bior  to 
preparing  the  mixed  standards  -ach 
stock  solution  should  be  analyzed 
separately  to  determine  possibl- 
spectral  interference.  Care  shoud  be 
taken  when  preparing  the  mixei 
standards  that  the  elements  art 
compatible  and  stable.  Transfe  the 
mixed  standard  solutions  to  •  TE 
fluorocarbon  bottle  for  storage  ~resh 
mixed  standards  should  be  premred 
weekly.  Some  typical  combinaluns 
follow: 

6  4.1  Mixed  standard  solutun  I— 
Iron,  manganese,  cadmium,  leac  and 
zinc. 

8.4.2  Mixed  standard  solutun  II— 
Beryllium,  copper,  strontium,  vmadium. 
and  cobalt 

6.4.3  Mixed  standard  solutun  HI— 
Molybdenum,  silica,  lithium,  aril 
barium. 

6  4.4  Mixed  standard  solutun  TV— 
Calcium,  magnesium,  sodium,  aid 
potassium. 

8.4.5  Mixed  standard  solutun  V — 
Aluminum,  arsenic,  boron,  chronium. 
nickel,  and  selenium. 

6.4.6  Mixed  standard  solutun  Vi — 
Silver. 

6.5  Two  types  of  blanks  an  -equired 
for  the  analysis.  The  calibratioi  blank 
(3  12)  is  used  in  establishing  thi 
analytical  curve  while  the  reagnf  blank 
(3.11)  is  used  to  correct  for  pov.bie 
contamination  resulting  from  1 1“ 
amounts  of  the  acids  used  in  lb'  sample 
processing. 

6  5  1  The  rnhhmti.m  b'r.: i*  ‘ 
prepared  by  diluting  2  ml  of  (1  '.  ,  UNO 

and  2  ml  of  |1  s  1)  MCI  to  100  rr.  + 
deionized,  distilled  water  Pre-.i-*  * 
nuffioenl  quantity  to  be  used  *•  ’"** 

(he  system  hetveepe  standa*+  •*" 
sampler 
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C  5  2  The  rccic.nl  blank  must 
contain  all  the  reagents  and  in  the  same 
volumes  as  used  in  the  processing  of  the 
samples  The  reagent  blank  most  be 
earned  through  the  complete  procedure 
and  contain  the  same  acid  concentration 
in  the  final  solution  as  the  sample 
solution  used  for  analysis. 

8.6  In  addition  to  the  calibration 
standards,  an  instrument  check 
standard  (3.7)  and  a  reference  standard 
(3.8)  are  also  required  for  the  analyses. 

6  6.1  The  instrument  check  standard 
is  prepared  by  the  analyst  by  combining 
compatible  elements  at  a  concentration 
equivalent  to  the  midpoint  of  their 
respective  calibration  curves.  This 
standard  should  be  included  in  the 
analytical  scheme  with  a  frequency  of 
10%. 

6.6.2  The  reference  standard  should 
be  prepared  according  to  the 
instructions  provided  by  the  supplier. 
Following  initial  verification  of  the 
calibration  standards,  analyze  weekly. 

7.  Sample  handling  and  preservation. 

7.1  For  the  determination  of  trace 
elements,  contamination  and  loss  are  of 
prime  concern.  Dust  in  the  laboratory 
environment,  impurities  in  reagents  and 
impurities  on  laboratory  apparatus 
which  the  sample  contacts  are  all 
sources  of  potential  contamination. 
Sample  containers  can  introduce  either 
positive  or  negative  errors  in  the 
measurement  of  trace  elements  by  (a) 
contributing  contaminants  through 
leaching  or  surface  desorption  and  (b) 
by  depleting  concentrations  through 
adsorption.  Thus  the  collection  and 
treatment  of  the  sample  prior  to  analysis 
requires  particular  attention.  Laboratory 
glassware  including  the  sample  bottle 
(whether  linear  polyethylene, 
polyproplyene  or  TFE-fluorocarbon) 
should  be  thoroughly  washed  with 
detergent  and  tap  water  rinsed  with 
(1  +  1)  nitric  acid,  tap  water.  (1+1) 
hydrochloric  acid,  tap  and  finally 
deionized,  distilled  water  in  that  order. 
(See  Notes  3  and  4). 

Note  3. — Chromic  acid  may  be  useful  to 
remove  orgonic  deposits  from  glassware 
however,  the  analyst  should  be  cautioned 
that  the  glassware  must  be  thoroughly  rinsed 
with  water  to  remove  the  lest  traces  of 
chromium  This  is  especially  important  if 
chromium  is  to  be  included  in  the  anolyhcol 
scheme  A  commercial  product 
KOCHR OhflX.  available  from  Coda* 
Laboratories  6  \'arick  St  bleu  York.  AT 
10013.  may  be  used  in  place  of  chromic  odd 
Chromic  acid  should  not  be  used  with  plastic 
bottles 

Note  4  — If  it  can  be  doojmcn'ed  through 
an  active  analytical  quality  control  program 
using  apiked  aamplet  and  reagent  blanks, 
that  certain  Kepi  in  the  cleaning  procedure 
are  nol  required  for  routine  tarrplei.  those 
steps  may  be  eliminated  from,  the  procedure 


7.2  Before  collection  of  the  sample  a 
decision  must  be  made  as  to  the  type  of 
data  desired,  that  is  dissolved, 
suspended  or  lota),  so  that  the 
appropriate  preservation  and 
pretreatment  steps  may  be 
accomplished.  Filtration,  acid 
preservation,  etc.,  are  to  be  performed  at 
the  time  the  sample  is  collected  or  as 
soon  as  possible  thereafter. 

7.2.1  For  the  determination  of 
dissolved  elements  the  sample  must  be 
filtered  through  a  0  45-yim  membrane 
filter  as  aoon  as  practical  after 
collection.  (Class  or  plastic  filtering 
apparatus  it  recommended  to  avoid 
possible  contamination.)  Use  the  first 
50-100  ml  to  rinse  the  filter  flask. 

Discard  this  portion  and  collect  the 
required  volume  of  filtrate.  Acidify  the 
filtrate  with  (1  +  1)  HNO,  to  a  pH  of  2  or 
less.  Normally.  3  ml  of  (1  + 1)  acid  per 
liter  should  be  sufficient  to  preserve  the 
sample. 

7.2.2  For  the  determination  of 
suspended  elements  a  measured  volume 
of  unpreserved  sample  must  be  filtered 
through  a  0.45-pm  membrane  filter  ai 
soon  as  p.actical  after  collection.  The 
Alter  plus  auspended  material  ahould  be 
transferred  to  a  suitable  container  for 
storage  and/or  shipment  No 
preservative  is  required. 

7.2.3  For  the  determinaiao  of  total  or 
total  recoverable  elements,  the  sample 
is  acidified  with  5  ml  cone.  HNO,  per 
liter  (pH  2)  as  aoon  as  possible, 
preferably  at  the  time  of  collection.  The 
sample  is  not  filtered  before  processing. 

8.  Sample  Preparation. 

8.1  For  the  determinations  of 
dissolved  elements,  the  filtered, 
preserved  sample  may  often  be 
analyzed  as  received.  The  acid  matrix 
and  concentration  of  the  samples  and 
calibration  standards  must  be  the  same. 

If  a  precipitate  formed  upon 
acidification  of  the  sample  or  during 
transit  or  storage,  it  must  be  redissolved 
before  the  analysis  by  adding  additional 
acid  and/or  by  heat  as  described  in  8.3. 

8.2  For  the  determinates  of 
suspended  elements,  transfer  the 
membrane  filter  containing  the  insoluble 
material  to  a  250- ml  Griffin  beaker  and 
add  3  ml  cone.  HNO..  Cover  the  beaker 
with  a  watch  glass  and  heat  gently.  The 
warm  acid  will  soon  dissolve  the 
membrane.  Increase  the  temperature  of 
the  hot  plate  and  digest  the  material. 

When  the  acid  has  nearly  evaporated, 
cool  the  beaker  and  watch  glass  and 
add  another  3  ml  of  cone  HNO..  Cover 
and  continue  heBting  until  the  digestion 
is  complete,  generally  indicated  by  a 
light  colored  digestate.  Evaporate  to 
near  dryness  (DO  NOT  BAKE),  cool, 
add  2  ml  of  (1  + 1)  HNO,  and  2  ml  HCI 

(1  +  1)  per  100  ml  dilution  and  warm  the 


tn  aker  gently  to  dissolve  any  sc!  -  .< 
materia!  Wash  down  the  walcf  .  ts 
and  beaker  walls  w  ith  deionized 
distilled  water  end  filter  the  sarr.' .  to 
remove  insoluble  material  that  co.d 
clog  the  nebulizer.  Adjust  the  vc:~e 
based  on  the  expected  concentrates  cf 
elements  present.  This  volume  wi!  vary 
depending  on  the  elements  to  be 
determined.  The  sample  is  now  re  ay 
for  analysis.  Concentrations  so 
determined  shall  be  reported  as 
"suspended." 

6  3  For  the  determination  of  toU 
elements,  choose  a  measured,  volur.e  of 
the  well  mixed  acid  preserved  sanole 
appropriate  for  the  expected  level  if 
elements  and  transfer  to  a  Griffin 
beaker.  (See  Note  5.)  Add  3  ml  of  one 
HNO,.  Place  the  beaker  on  a  hot  pete 
and  evaporate  to  near  dryness 
ceutiously.  making  certain  that  the 
sample  does  not  boil.  (DO  NOT  B/tCE.) 
Cool  the  beaker  and  add  another  :  &1 
portion  of  cone  HNO,.  Cover  the  baker 
with  a  watch  glass  and  return  to  th  hot 
plate.  Increase  the  temperature  of  tie 
hot  plate  so  that  a  gentle  reflux  acton 
occurs.  Continue  heating,  adding 
additional  add  as  necessary,  until  tie 
digestion  is  complete  (generally 
indicated  when  the  digestate  is  ligh  in 
color  or  does  not  change  in  appear  Jice 
with  continued  refluxing.)  Again, 
evaporate  to  near  dryness  and  coo!  .he 
beaker.  Add  2  ml  of  1  +  1  HNO,  arn.2  ml 
of  1  +1  HCI  per  100  ml  of  final  solulon 
and  warm  the  beaker  to  dissolve  an- 
precipitate  or  residue  resulting  fron 
evaporation.  Wash  down  the  beake 
walls  and  watch  glass  with  deionizrd 
distilled  water  and  filter  the  sample  o 
remove  insoluble  material  that  couli 
clog  the  nebulizer.  Adjust  the  volunt 
based  on  the  expected  concentration  of 
elements  present.  The  sample  is  nov 
ready  for  analysis.  Concentrations  si 
determined  shall  be  reported  as  "totil." 

Note  5. — If  low  determinations  of  borm  ere 
critical  quartz  glassware  should  be  usee 

8.4  For  the  determination  of  tota 
recoverable  elements,  choose  a 
measured  volume  of  a  well  mixed.  a::d 
preserved  sample  appropriate  for  thi 
expected  level  of  elements  and  trann'er 
to  a  Griffin  beaker.  (See  Note  5.)  An:  1 
ml  of  HNO,  (1  +  1)  and  2  ml  of  HCI  (  -1) 
to  the  sample  and  heat  on  a  steam  bith 
or  hot  plate  until  the  volume  has  bem 
reduced  to  35-20  ml  making  certain  tie 
sample  does  no!  boil.  After  this 
treatment  the  sample  is  filtered  to 
remove  insoluble  material  that  coul: 
clog  the  nebulizer,  and  the  volume 
adjusted  to  100  ml.  The  sample  is  th; : 
ready  for  analysis.  Concentrations  s; 
determined  shall  be  reported  as  "to:..  " 

9  Procedure. 
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9  1  Set  up  instrument  with  proper 
operating  parameters  established  in 
Section  5.2.  Instrument  must  be  allowed 
to  stabilize  for  at  least  30  mic  prior  to 
operations. 

9  2  Initiate  appropriate  operating 
configuration  of  computer. 

9.3  Profile  and  calibrate  instrument 
according  to  instrument  manufacturer's 
recommended  procedures,  using  the 
typical  mixed  calibration  standard 
solutions  described  in  Section  6.4.  Flush 
the  system  with  the  calibration  blank 
(6.5.11  between  each  standard  (See  note 
6.)  (The  use  of  the  average  intensity  of 
multiple  exposures  for  both 
standardization  and  sample  analysis 
has  been  found  to  reduce  random  error.) 

NOTE  8. — For  boron  concentrations  greater 
than  500  yig/1  extended  flush  times  of  1  to  2 
minutes  may  be  required. 

9.4  Before  beginning  the  sample  run. 
reanalyze  the  highest  mixed  calibration 
standard  as  if  it  were  a  sample. 
Concentration  values  obtained  should 
not  deviate  from  the  actual  values  by 
more  than  2  percent  (or  the  established 
control  limits).  If  they  do,  follow  the 
recommendations  of  the  instrument 
manufacturer  to  correct  for  this 
condition. 

9.5  Eegin  the  sample  run  flushing  the 
system  with  the  calibration  blank  (6-5.1) 
between  each  sample.  (See  Note  6.) 
Analyze  an  instrument  check  standard 
(6.6.1)  each  10  samples. 

9.6  If  it  has  been  found  that  methods 
of  standard  addition  are  required,  the 
following  procedure  is  recommended. 

9  61  The  standard  addition 
technique  (13.2)  involves  preparing  new 
standards  in  the  sample  matrix  by 
adding  known  amounts  of  standard  to 
one  or  more  aliquots  of  the  processed 
sample  solution.  This  technique 
compensates  for  a  sample  constituent 
that  enhances  or  depresses  the  analyte 
signal  thus  producing  a  different  slope 
from  that  of  the  calibration  standards.  It 
will  not  correct  for  additive  intererence 
which  causes  a  baseline  shift.  The 
simplest  version  of  this  technique  is  the 
single  addition  method.  The  procedure 
is  as  follows.  Two  identical  aliquots  of 
the  sample  solution,  each  of  volume  V., 
are  taken.  To  the  first  (labeled  A)  is 
added  a  small  volume  V,  of  a  standared 
analyte  solution  of  concentration  c».  To 
the  second  (labeled  B)  is  added  the 
same  v  olume  V,  of  the  solvent.  The 
analytical  s'gr.sls  of  A  and  B  are 
measured  ar.d  crrrected  for  nonanalyte 
signals  The  own  sample 
concentration  c,  is  calculated: 


C  = 

'  "*  (SA-S.)  V. 

where  S.  and  S»  are  the  analytical  signals 
(corrected  for  the  blank)  of  solutions  A 
and  B.  respectively.  V,  and  e»  should  be 
chosen  so  that  5*  ia  roughly  twice  S»  on 
the  average.  It  is  beat  if  V,  is  made  much 
less  than  V„  and  thus  c,  is  much  greater 
than  cn  to  avoid  excess  dilution  of  the 
sample  matrix.  If  a  separation  or 
concentration  step  is  used,  the  additions 
are  best  made  first  and  carried  through 
the  entire  procedure.  For  the  results  from 
this  technique  to  be  valid,  the  following 
limitations  must  be  takes  into 
consideration: 

1.  The  analytical  curve  must  be  linear. 

2.  The  chemical  form  of  the  analyte  added 
must  respond  the  same  as  the  analyte  in  the 
sample. 

3.  The  interference  efTect  must  be  constant 
over  the  working  range  of  concern. 

4.  The  signal  must  be  corrected  for  any 
additive  interference. 

10.  Calculation. 

10.1  Reagent  blanks  [6.5.2)  should  be 
subtracted  from  all  samples.  This  is 
particularly  important  for  digested 
samples  requiring  large  quantities  of 
acids  to  complete  the  digestion. 

10.2  ff  dilutions  were  performed,  the 
appropriate  factor  must  be  applied  to 
sample  values. 

10.3  Results  should  be  reported  to 
the  nearest  ps/1.  up  to  three  significant 
figures,  except  calcium,  magnesium, 
sodium,  and  potassium  which  are 
reported  to  the  nearest  0.1  mg/L 

11.  Quality  Control  (Instrumental). 

11.1  Check  the  instrument 

standardization  by  analyzing 
appropriate  quality  control  check 
standards  as  follow: 


11.1.1  Analyze  the  ir.stru  check 
standard  (6  6  lj  made  up  of :  ~e 
elements  of  interest  at  a  free  :r.cy  of 
10%  This  check  standard  is  ucd  to 
determine  instrument  drift.  I  veemenl 
is  not  within  ±  2%  of  the  expc'.ed 
values  or  within  the  establish c  control 
limits,  the  analysis  is  out  of  cr.trol. 

11.1.2  For  the  purpose  of  vr.fying 
interelement  and/or  backgrcid 
correction  factors,  analyze  a  tcond 
check  standard,  prepared  in  1 1 
following  manner.  Select  a 
representative  sample  which  entains 
minimal  concentrations  of  the  laments 
of  interest  Spike  this  sample  W-h  the 
analytes  of  interest  at  or  near  Z0  p g/1. 
(For  effluent  samples  of  expend  high 
concentrations,  spike  at  an  a-  ropriate 
level.)  Values  should  fall  witr.:  the 
established  control  levels  of  1.  times 
the  standard  deviation  of  the  r?an 
value  of  the  check  standard.  L  ,ot 
repeat  the  standardization. 

11.1 3  A  reference  standan  6  6.2) 
from  an  outside  source,  but  ha  .eg 
known  concentration  values,  s.culd  be 
analyzed  as  a  blind  sample  or. .  weekly 
frequency.  Values  should  be  wiein  the 
established  quality  control  limit  If  not 
prepare  new  stock  standards. 

12.  Precision  and  Accuracy. 

12.1  In  an  EPA  round  phase'  study, 
seven  laboratories  applied  the  CP 
technique  to  acid-distilled  wate 
matrices  that  had  been  dosed  v.th 
various  metal  concentrates.  Take  II  lists 
the  true  value,  the  mean  reportev  value 
and  the  mean  %  relative  standan 
deviation. 


Toblo  W—lCP  Precision  end  Accuracy  Gets 


Sample  No.  1  Sample  No.  2  Sangria  Nv  3 


True 

reported 

Mean 

True 

reported 

Mean 

True 

repone 

Mean 

value 

value 

perreni 

value 

rake 

pe-uem 

value 

vaMe 

pe-ter* 

Element 

(•a* 

RSO 

w/i 

PSD 

M9* 

RSO 

Be _ 

750 

713 

0  2 

20 

20 

tl 

ISO 

17* 

17 

Mn . . _  .  . 

ISO 

345 

Z  7 

IS 

IS 

ft  7 

too 

r- 

33 

V  - -  ..  — . 

7  SO 

74# 

t  ft 

70 

6ft 

If 

170 

1  ts 

1  1 

Aa. -  _  . 

200 

200 

75 

22 

If 

23 

80 

13 

17 

O  .  - - 

ISO 

14# 

3ft 

10 

10 

1ft 

SO 

SC 

33 

Co  . . . 

250 

715 

3  l 

11 

11 

40 

70 

67 

7ft 

ft  _ 

600 

564 

30 

20 

It 

15 

160 

17# 

6  0 

Ai .  .  . 

700 

696 

Sft 

60 

12 

33 

160 

161 

13 

Cd _  _ 

SO 

46 

12 

7  5 

29 

1ft 

14 

11 

16 

Co _ 

500 

512 

10 

20 

20 

4  1 

120 

toe 

21 

Nl.« _ _ _ 

2S0 

24S 

Sft 

30 

2# 

11 

00 

ss 

14 

Pb  _ 

2S0 

ne 

16 

74 

10 

32 

60 

oc 

14 

.  .  _ 

200 

201 

56 

16 

1* 

45 

60 

97 

9  « 

Se  _ _ 

*0 

12 

21  » 

ft 

■  5 

42 

10 

6- 

6  3 
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Method  239.2  (Atomic  Absorption,  furnace  technique) 

STORET  NO.  Total  0H51 
Dissolved  0149 
Suspended  0H50 

Optimum  Concentration  Range:  5-100  ug/1 

Detection  Limit:  1  ug/1 

Preparation  of  Standard  Solution 

1.  Stock  solution:  Prepare  as  described  under  "direct  aspiration  method”. 

2.  Lanthanum  Nitrate  Solution:  Dissolve  58.64  g  of  ACS  reagent  grade  La203  in  10  ml 
cone.  HN03  and  dilute  to  1 000  ml  with  deionized  distilled  water.  1  ml  =  50  mg  La. 

3.  Working  Lead  Solution:  Prepare  dilutions  of  the  stock  lead  solution  to  be  usei  as 
calibration  standards  at  the  time  of  analysis.  Each  calibration  standard  should  comin 
0.5%  (v/v)  HN03.  To  each  100  ml  of  diluted  standard  add  10  ml  of  the  lanthanum 
nitrate  solution. 

Sample  Preservation 

1.  For  sample  handling  and  preservation,  see  part  4.1  of  the  Atomic  Absorption  Methds 
section  of  this  manual. 

Sample  Preparation 

L  Prepare  as  described  under  “direct  aspiration  method”.  Sample  solutions  for  anal  ,  is 
should  contain  0.5%  (v/v)  HNO}. 

2.  To  each  100  ml  of  prepared  sample  solution  add  10  ml  of  the  lanthanum  nitrate  solutun 

Instrument  Parameters  (General) 

1.  Drying  Time  and  Temp:  30  sec-125°C. 

2.  Ashing  Time  and  Temp.  30  sec-500°C. 

3.  Atomizing  Time  and  Temp:  10  sec-2700°C. 

4.  Purge  Gas  Atmosphere:  Argon 

5.  Wavelength:  283.3  nm 

6.  Other  operating  parameters  should  be  set'as  specified  by  the  particul  mstrumcit 
manufacturer. 

Analysis  Procedure 

1.  For  the  analysis  procedure  in  the  calculation  see  ‘'Furnace  Procedure”,  part  9.3  of  tic 
Atomic  Absorption  Methods  section  of  this  manual. 
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1 .  The  above  concentration  \alues  and  instrument  conditions  are  for  a  Pcrkin-Elmer  HGA- 
2100,  based  on  the  use  of  a  20  u I  injection,  continuous  flow  purge  pas  and  non-p>  roly  tic 
graphite.  Smaller  size  furnace  devices  or  those  employing  faster  rates  of  atomization  can 
be  operated  using  lower  atomization  temperatures  for  shorter  time  periods  than  the 
above  recommended  settings. 

2.  The  use  of  background  correction  is  recommended. 

3.  Greater  sensitivity  can  be  achieved  using  the  217.0  nm  line,  but  the  optimum 
concentration  range  is  reduced.  The  use  of  a  lead  electrodeless  discharge  lamp  at  this 
lower  wavelength  has  been  found  to  be  advantageous.  Also  a  lower  atomization 
temperature  (2400°C)  may  be  preferred. 

4.  To  suppress  sulfate  interference  (up  to  1500  ppm)  lanthanum  is  added  as  the  nitrate  to 
both  samples  and  calibration  standards.  (Atomic  Absorption  Newsletter  Vol.  15,  No.  3, 
p  71,  May-June  1976.) 

5.  Since  glassware  contamination  is  a  severe  problem  in  lead  analysis,  all  glassware  should 
be  cleaned  immediately  prior  to  use,  and  once  cleaned,  should  not  be  open  to  the 
atmosphere  except  when  necessary. 

6.  For  every  sample  matrix  analyzed,  verification  is  necessary  to  determine  that  method  of 
standard  addition  is  not  required  (see  part  5.2.1  of  the  Atomic  Absorption  Methods 
section  of  this  manual). 

7.  For  quality  control  requirements  and  optional  recommendations  for  use  in  drinking 
water  analyses,  see  part  1 0  of  the  Atomic  Absorption  Methods  section  of  this  manual. 

8.  If  method  of  standard  addition  is  required,  follow  the  procedure  given  earlier  in  part  8.5 
of  the  Atomic  Absorption  Methods  section  of  this  manual. 

9.  Data  to  be  entered  into  STORET  must  be  reported  as  ug/I . 

Precision  and  Accuracy 

1 .  In  a  single  laboratory  (EMSL),  using  Cincinnati,  Ohio  tap  water  spiked  at  concentrations 
of  25,  50,  and  100  ug  Pb/1,  the  standard  deviations  were  ±1.3,  ±1.6,  and  ±3.7, 
respectively.  Recoveries  at  these  levels  were  88%,  92%,  and  95%  respectively. 
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Organochlorine  Pesticides 
and  PCBs  —  Method  608 


t .  Scope  and  Application 

1.1  This  method  covers  the 
determination  of  certain  organochlorine 
pesticides  and  PCBs.  The  following 
parameters  can  be  determined  by  this 
method: 


Parameter 

STORET  No. 

CAS  No, 

Aldrin 

39330 

309-00-2 

o-BHC 

39337 

319-84-6 

/3-BHC 

39338 

319  85-7 

d-BHC 

34259 

319-86-8 

r  BHC 

39340 

58-89  9 

Chlordane 

39350 

57-74-9 

4,4 '  ODD 

39310 

72-54-8 

4.4'  DDE 

39320 

72-55-9 

4,4  '  DDT 

39300 

50-29  3 

Dieldrin 

39380 

60-57-1 

Endosulfan  1 

34361 

959-98  8 

Endosulfan  II 

34356 

3321  2-65  9 

Endosulfan  sulfate 

34351 

1031-07-8 

Endrin 

39390 

72-20-8 

Endrin  aldehyde 

34366 

7421  93-4 

Heptachlor 

39410 

76-44  8 

Heptachlor  epoxide 

39420 

1024  57-3 

Toxaphene 

39400 

8001-35-2 

PCB-101  6 

34671 

12674-1  1-2 

PCB-1  221 

39488 

1  1  104-28-2 

PCB-1  232 

39492 

1  1  141-16-5 

PCB-1  242 

39496 

53469-21  9 

PCB-1  248 

39500 

1  2672  29-6 

PCB-1  254 

39504 

1  1097-69  1 

PCB-1  260 

39508 

1  1096  82-5 

1.2  This  is  a  gas  chromatographic 
IGC)  method  applicable  to  the  determi¬ 
nation  of  the  compounds  listed  above 
in  municipal  and  industrial  discharges 
as  provided  under  40  CFR  136  1 
When  this  method  is  used  to  analyze 
unfamiliar  samples  for  any  or  all  of  the 
compounds  above,  compound  identifi¬ 
cations  should  be  supported  by  at  least 


one  additional  qualitative  techmque, 
This  method  describes  analytical 
conditions  for  a  second  gas 
chromatographic  column  that  can  be 
used  to  confirm  measurements  made 
with  the  primary  column.  Method  625 
provides  gas  chtomatogtaph/mass 
spectrometer  IGC'MSI  conditions 
appropriate  for  the  qua'itative  and 
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quantitative  confirmation  of  (esults  for 
all  of  the  parameters  listed  above, 
using  trie  extract  produced  by  this 
metnod. 

1 .3  The  method  oetecon  limit  (MDL, 
defined  in  Section  1  4  1 11 1 '  for  each 
parameter  is  listed  in  Table  1 .  The  MDL 
for  a  specific  wastewater  may  differ 
from  those  listed,  depending  upon  the 
nature  of  interferences  in  the  sample 
matrix. 

1 .4  The  sample  extraction  and 
concentration  steps  in  this  method  are 
essentially  the  same  as  in  methods 
606,  609.  611  and  61  2.  Thus,  a 
single  sample  may  be  extracted  to 
measure  the  parameters  included  in  the 
scope  of  each  of  these  methods.  When 
cleanup  is  required,  the  concentration 
levels  must  be  high  enough  to  permit 
selection  of  aiiquots  as  necessary  to 
apply  appropriate  cleanup  procedures. 
The  analyst  is  allowed  the  latitude  to 
select  gas  chromatographic  conditions 
appropriate  for  the  simultaneous 
measurement  of  combinations  of  these 
parameters. 

1.5  Any  modification  of  this  method, 
beyond  those  expressly  permitted, 
shall  be  considered  as  major 
modifications  subject  to  application 
and  approval  of  alternate  test 
procedures  under  40  CFR  1  36.4  and 
136.5. 

1.6  This  method  is  restricted  to  use 
by  or  under  the  supervision  of  analysts 
experienced  in  the  use  of  gas  chroma¬ 
tography  and  in  the  interpretation  of 
gas  chromatograms.  Each  analyst  must 
demonstrate  the  ability  to  generate 
acceptable  results  with  this  method 
usmg  the  procedure  described  in 
Section  8.2. 

2.  Summary  of  Method 

2.1  A  measured  volume  of  sample, 
approximately  one-liter,  is  solvent 
extracted  with  methylene  chloride 
using  a  separatory  funnel.  The 
methylene  chloride  extract  is  dried  and 
exchanged  to  hexane,  during 
concentration  to  a  final  volume  of  1  0 
ml  or  less.  Gas  chromatographic 
conditions  are  described  which  permit 
the  separation  and  measurement  of  the 
parameters  in  the  extract  by  electron 
capture  GC!21. 

2.2  1  he  method  provides  a  Florisil 
column  procedure  and  elemental  sulfur 
removal  procedure  to  aid  m  the 
elimination  of  interferences  that  may 
be  encountered. 


3.  Interferences 

3.1  Method  interferences  may  be 
caused  Py  <  ontam, nants  in  solvents, 
rcaqv"ts  g  as*.  ware  and  other  sample 
process. og  r.aroware  that  lead  to 
discrete  attracts  arid  or  elevated 
baseimes  in  gas  chromatograms.  All  of 
these  mate'iais  must  be  routinely 
demonstrated  to  be  free  from  inter¬ 
ferences  under  the  conditions  of  the 
analysis  Dv  running  aboratory  reagent 
blanks  as  described  in  Section  8.5. 

3.  1 .  1  Glassware  must  be  scrupulously 
cleaned  3'.  Clean  all  glassware  as  soon 
as  possible  after  use  by  rinsing  with  the 
last  solvent  used  in  it.  This  should  be 
followed  by  detergent  washing  with 
hot  water,  and  rinses  with  tap  water 
and  distiiled  water.  It  should  then  be 
drained  dry  and  heated  in  a  muffle 
furnace  at  400  °C  for  1  5  to  30 
minutes.  Some  thermally  stable 
materials,  such  as  PCBs,  may  not  be 
eliminated  by  this  treatment.  Solvent 
rinses  with  acetone  and  pesticide 
quality  hexane  may  be  substituted  for 
the  muffle  furnace  heating.  Thorough 
rinsing  with  such  solvents  usually 
elminates  PCB  interference.  Volumetric 
ware  should  not  be  heated  in  a  muffle 
furnace  After  drying  and  cooling, 
glassware  should  be  sealed  and  stored 
in  a  clean  environment  to  prevent  any 
accumulation  of  dust  or  other 
contaminants.  Store  inverted  or  capped 
with  aluminum  foil. 

3.1.2  The  use  of  high  purity  reagents 
and  solvents  helps  to  minimize 
interference  problems.  Purification  of 
solvents  by  distillation  in  all-glass 
systems  may  be  required. 

3.2  Interferences  by  phthalate  esters 
can  pose  a  major  problem  in  pesticide 
analysis  when  using  the  elution  capture 
detector.  These  compounds  generally 
appear  in  the  chromatogram  as  large 
eluting  peaks,  especially  in  the  1  5  and 
50%  fractions  from  Florisil.  Common 
flexible  plastics  contain  varying 
amounts  of  phthalates.  These  phtha- 
lates  are  easily  extracted  or  leached 
from  such  materials  during  laboratory 
operations.  Cross  contamination  of 
clean  glassware  routinely  occurs  when 
piastics  are  handled  during  extraction 
steps,  especially  when  solvent  wetted 
surfaces  are  handled.  Interferences 
from  phthalates  can  best  be  minimized 
by  avoiding  the  use  of  plastics  in  the 
laboratory  Exhaustive  cleanup  of 
reagents  and  glassware  may  be 
required  to  eliminate  background 
phthalate  contamination14-51.  The 
interferences  from  phthalate  esters  can 
be  avoided  by  using  a  microcoulometric 
or  e  ectroivtic  conductivity  detector. 
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3.3  Matrix  mterfe'en^es  mav  be 
caused  by  contam  - -,ants  that  are 
coextracted  from  the  samp'e  The 
extent  of  matrix  ir.te'fvt-'n  es  will  vary 
considerably  from  source  to  source, 
depending  upon  the  :  atu-e  and 
diversity  of  tne  incustna-  complex  or 
municipality  being  samp  ed  Tne 
cleanup  procedures  in  Section  1  1  can 
be  used  to  overcome  manv  of  these 
interferences,  but  unique  sampies  may 
require  aad  tional  c  eanup  app-oaches 
to  achieve  the  MDL  listed  m  Table  1 . 

4.  Safety 

4. 1  The  toxicity  or  carcinogenicity  of 
each  reagent  used  in  this  method  has 
not  been  precisely  defined,  however, 
each  chemical  compound  should  be 
treated  as  a  potential  health  hazard. 
From  this  viewpoint,  exposure  to  these 
chemicals  must  be  reduced  to  the 
lowest  possible  level  by  whatever 
means  available.  The  laboratory  is 
responsible  for  maintaining  a  current 
awareness  file  of  OSHA  regulations 
regarding  the  safe  handling  of  the 
chemicals  specified  in  this  method.  A 
reference  file  of  material  data  handling 
sheets  should  also  be  made  available  to 
all  personnel  involved  in  the  chemical 
analysis.  Additional  references  to 
laboratory  safety  are  available  and 
have  been  identified'5  8i  for  the 
information  of  the  analyst. 

4.2  The  following  parameters 
covered  by  this  method  have  been 
tentatively  classified  as  known  or 
suspected,  human  or  mammalian 
carcinogens:  4,4  '-DDT.4.4  '-DDD,  the 
BHCs,  and  the  PCBs.  Primary 
standards  of  these  toxic  compounds 
should  be  prepared  in  a  hood. 

5.  Apparatus  and  Materials 

5.1  Sampling  equipment,  for  discrete 
or  composite  sampling. 

5.1.1  Grab  sample  bottle- Amber 
glass,  one-liter  or  one-quart  volume, 
fitted  with  screw  caps  lined  with 
Teflon.  Foil  may  be  substituted  for 
Teflon  if  the  sample  is  not  corrosive  If 
amber  bottles  are  not  available,  protect 
samples  from  light.  The  container  must 
be  wasned,  rinsed  with  acetone  or 
methylene  chloride,  and  dried  before 
use  to  minimize  contamination 

5.  1.2  Automatic  sampler  f optional)  - 
Must  incorporate  g  ass  sample 
containers  for  the  collection  o‘  a  mini¬ 
mum  of  2  50  ml  Sample  containers 
must  be  kept  refrigerated  at  4  CC  and 
protected  from  light  during  compositing 
If  the  sampler  uses  8  per  stah  c  r  imp. 
a  minimum  length  of  comp-essible 


6.10  Copper  powder  -  Activated 
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-e  use,  however  the  c  omptessrble 
<up  "(j  should  be  thoroughly  nosed 
vy,:r  methanol.  Icl'cwed  by  repeated 
s  .  us  with  d'Str'reC  water  to  min.rn.ze 
..  ,  jjf  tfentia  for  t, .  -d'oinatron  of  the 
, ,,n., pie.  An  integrating  how  meter  is 
..  ,,.red  to  collect  Low  proportional 
t .  „  -  posites 

52  Glassware  (A:  specifications  are 
s  I'jested.  Catalog  .-.umoers  are 
..  i.idec  for  illustration  only.’. 

5  2.1  Separatory  funnel  -  2000  ml, 
with  Tef.on  stopcock. 

5  2  2  Drying  coiumn  -  Chroma¬ 
tographic  column  approximately  400 
mm  long  <  19  mm  ID.  with  coarse  frit. 

5  2  3  CnromatographiC  column  — 
Pyrex,  400  mm  long  x  22  mm  ID. 
with  coarse  fritted  plate  and  Teflon 
stopcock  (Kontes  K  42054  or 
equivalent). 

5.2.4  Concentrator  tube,  Kuderna- 
Dan.sh-  10-mL.  graduated  (Kontes  K- 
570050-1  025  or  equivalent).  Calibra¬ 
tion  must  be  checked  at  the  volumes 
employed  in  the  test.  Ground  glass 
stopper  is  used  to  prevent  evaporation 
of  extracts. 

5  2.5  Evaporative  flask,  Kuderna- 
Danish  -  500 -mL  (Kontes  K-570001  - 
0500  or  equivalent!  Attach  to 
concentrator  tube  with  springs. 

5  2  6  Snyder  column,  Kuderna- 
Dan  sh  tnree  ball  macro  (Kontes 
K-503000-01  2  1  o-  eouivalent). 

5.2  7  Vials  Amoer  glass.  10- to 
1  5  ml  capacity,  with  Tefion-lined 
screw  cap 

5.3  Boiling  chips  approximately 
10-40  mesh  Heat  to  400  °C  for  30 
minutes  or  Soxhlet  extract  with 
methylene  chloride. 

5.4  Water  bath  -  Heated,  with 
concentric  ring  cover,  capable  of 
temperature  control  1  x  2  °C).  The  bath 
should  be  used  m  a  hood. 

5.5  Balance  Analytical,  capable  of 

accurately  weighing  0  000 1  g. 

5.6  Gas  chromatograph  -  An 
analytical  system  complete  with  gas 
chromatograph  suitable  for  on-column 
injection  and  all  required  accessories 
including  syringes,  analytical  columns, 
gases,  detector,  and  strip-chart 
recorder  A  data  system  is 
recommended  for  measuring  peak 
areas. 

5  6  1  Column  1-1  8m  long  x  4 
mm  ID  glass,  packed  with  1  5% 


Sp  2250  1  95% SP  2401  on 
Supelcopor ;  ( 1 00/ 120  mesh)  or 
equivalent.  Column  1  was  used  to 
develop  the  method  performance 
statements  in  Section  1  z  Guidelines 
for  the  use  of  alternate  column 
packings  are  provided  in  Section  12.1. 

5.6.2  Column  2—  1  .8  m  long  x  4 
mm  ID  glass,  packed  with  3%  OV-1  on 
Supelcoport  ( 1 00. 1  20  mesh)  or 
equivalent. 

5.6.3  Detector- Electron  capture. 

This  detector  has  proven  effective  in 
the  analysis  of  wastewaters  for  the 
parameters  listed  in  the  scope,  and 
was  used  to  develop  the  method 
performance  statements  in  Section  1  4 . 
Guidelines  for  the  use  of  alternate 
detectors  are  provided  in  Section  12.1. 

6.  Reagents 

6.1  Reagent  water- Reagent  water  is 
defined  as  a  water  in  which  an  inter¬ 
feres  is  not  observed  arthe  MDL  of 
each  parameter  of  interest. 

6.2  Sodium  hydroxide  solution  11 0 
N)  —  (ACS) .  Dissolve  40g  MaOH  in 
reagent  water  and  dilute  to  100  mL. 

6.3  Sodium  thiosulfate  —  (ACS). 
Granular. 

6.4  Sulfuric  acid  solution  11  +11  — 
(ACS).  Slowly,  add  50  mL  HjSO^  Isp. 
gr.  1 .841  to  50  mL  of  reagent  water 

6.5  Acetone,  hexane,  isooctane 
(2,2.4-trimethylpentane).  methylene 
chloride  —  Pesticide  quality  or 
equivalent. 

6.6  Ethyl  ether  —  Pesticide  quality  or 
equivalent,  redistilled  in  glass  if 
necessary, 

6.6.1  Must  be  free  of  peroxides  as 
indicated  by  EM  Laboratories  Quant 
test  strips  (Available  from  Scientific 
Products  Co.,  Cat.  No.  P1 1  26-8,  and 
others  suppliers.) 

6.6.2  Procedures  recommended  for 
removal  of  peroxides  are  provided  with 
the  test  strips  A‘ter  cleanup,  20  mL 
ethyl  alcohol  preservative  must  be 
added  to  each  liter  of  ether. 

6.7  Sodium  sulfate  —  (ACS)  Granular, 
anhydrous.  Purify  by  heating  at  400  °C 
for  4  hours  in  a  shallow  tray. 

6.8  Florisil  —  PR  grade  (60/1  00 
meshl.  purchase  activated  at  1  250 °F 
and  store  in  dark  in  glass  containers 
with  glass  stoppers  or  foil-lined  screw 
caps.  Before  use,  activate  each  batch 
at  least  1  6  hours  at  1  30  °C  in  a  foil 
covered  glass  container. 

6.9  Mercury  -  Triple  distilled. 


6.11  Stock  standard  solutions  ( 1  00 
rig  jjL i  -  Slock  stanoard  solutions  can 
be  p-eoaied  from  pure  standard 
materials  or  purchased  as  certified 
sol  jtions. 

6.11.1  Prepare  stock  standard 
solutions  by  accurately  weighing  about 
0  01  00  g’oms  of  oure  material. 

Dissolve  me  material  in  isooctane, 
dilute  to  volume  in  a  10-mL  volumetric 
flask  Larger  volumes  can  be  used  at 
me  convenience  of  me  analyst.  If 
compound  nurity  is  certified  at  96%  or 
greater,  the  weight  can  be  used 
without  correction  to  calculate  the 
concentration  of  the  stock  standard. 
Commercially  prepared  stock  standards 
can  be  used  at  any  concentration  if 
they  are  certified  by  the  manufacturer 
or  by  an  independent  source. 

6.11.2  Transfer  the  stock  standard 
solutions  into  Teflon-sealed  screw-cap 
bottles  Store  at  4  °C  and  protect  from 
light  Stock  standard  solutions  should 
be  cnecked  frequently  for  signs  of 
degradation  or  evaporation,  especially 
just  prior  to  preparing  calibration 
standards  from  them.  Quality  control 
check  standards  that  can  be  used  to 
determine  the  accuracy  of  calibration 
standards  will  be  available  from  the 

U  S  Environmental  Protection  Agency, 
Environmental  Monitoring  and  Support 
Laboratory,  Cincinnati,  Ohio  45268. 

6.11.3  Stock  standard  solutions 
must  be  replaced  after  six  months,  or 
sooner  if  comparison  with  check 
standards  indicate  a  problem. 

7.  Calibration 

7.1  Establish  gas  chromatographic 
operating  parameters  which  produce 
retention  times  equivalent  to  those 
indicated  in  Table  1  The  gas 
chromatographic  system  may  be 
calibrated  using  the  external  standard 
technique  (Section  7  2)  or  the  internal 
standard  technique  (Section  7.3). 

7.2  External  standard  calibration 
procedure: 

7.2. 1  Prepare  calibration  standards 
at  a  minimum  of  three  concentration 
levels  for  each  parameter  of  interest  by 
adding  volumes  of  one  or  more  stock 
standards  to  a  volumetric  f'ask  and 
diluting  to  volume  with  isooctane  One 
of  the  external  standards  should  be  at  a 
concentration  near,  but  above,  the 
MDL  and  the  other  concentrations 
should  correspond  to  the  expected 
range  of  concentrations  found  m  real 
samples  or  should  def.ne  the  working 
range  of  the  Detector. 
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7  2  2  Using  lun-ctions  of  2  10  5  >jL  of 
t  ;«:h  calibration  standard,  tabulate 
peak  height  or  area  responses  against 
trie  mass  injected  The  results  can  be 
used  to  P"  pare  a  r  aliPraPon  curve  for 
•  ach  co'npourid  Alterriatively.  if  tne 
ratio  of  response  to  amount  injected 
(calibration  factori  is  a  constant  over 
the  working  range  l<10%  relative 
standard  deviation.  RSD),  linearity 
through  ttie  origin  can  be  assumed  and 
the  average  ratio  or  ca'ibration  factor 
can  be  used  in  place  of  a  calibration 
curve. 

7.2  3  The  working  calibration  curve 
or  calibration  factor  must  be  verified  on 
eacn  working  day  by  the  measurement 
of  one  or  more  calibration  standards.  If 
the  response  for  any  parameter  varies 
from  the  predicted  response  by  more 
than  ±  1  0%.  the  test  must  be  repeated 
us.ng  a  fresh  calibration  standard. 
Alternatively,  a  new  calibration  curve 
or  calibration  factor  must  be  prepared 
for  that  compound. 

7.3  Interna!  standard  calibration 
procedure.  To  use  this  approach,  the 
analyst  must  select  one  or  more 
internal  standards  that  are  similar  in 
analytical  behavior  to  the  compounds 
of  interest.  Tne  analyst  must  further 
demonstrate  that  the  measurement  of 
the  internal  standard  is  not  affected  by 
method  or  matrix  interferences. 
Because  of  these  limitations,  no 
internal  standard  can  be  suggested  that 
is  applicable  to  all  samples. 

7.3.  1  Prepare  calibration  standards 
at  a  minimum  of  three  concentration 
levels  for  each  parameter  of  interest  by 
adding  volumes  of  one  or  more  stock 
standards  to  a  volumetric  flask.  To 
each  calibration  standard,  add  a  known 
constant  amount  of  one  or  more 
internal  standards,  and  dilute  to  volume 
with  isooctane.  One  of  the  standards 
should  be  at  a  concentration  near,  but 
above,  the  MDl  and  the  other  concen¬ 
trations  should  correspond  to  the 
expected  range  of  concentrations 
found  in  real  samples  or  should  define 
the  working  range  of  the  detector. 

7.3.2  Using  injections  of  2  to  5  pi  of 
each  calibration  standard,  tabulate 
peak  height  or  area  responses  against 
concentration  for  each  compound  and 
internal  standard,  and  calculate 
response  factors  ( RF)  for  each 
compound  using  equation  1  . 

Eq  1.  RF  =  ( ASC,S)/(A1SCS) 
where 

As  =  Response  for  the  parameter  to 
be  measured. 

A(S  =  Response  for  the  internal 
standard. 
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C,s  --  Concentration  of  the  internal 
standard,  (pg/L). 

Cj,  =  Concentration  of  the  param¬ 
eter  to  be  measured,  (pg'L) 

If  the  RF  value  over  the  working 
range  is  a  constant  l<  1  0%  RSD),  the 
RF  car,  be  assumed  to  be  invariant  and 
the  average  RF  can  be  used  for 
calculations  Alternatively,  the  results 
can  be  used  to  plot  a  calibration  curve 
of  response  ratios,  AS/AIS,  vs.  RF. 

7.3.3  The  working  calibration  curve 
or  RF  must  be  verified  on  each  working 
day  by  the  measurement  of  one  or 
more  calibration  standards.  If  the 
response  for  any  parameter  varies  from 
the  predicted  response  by  more  than 
±  1  0%,  the  test  must  be  repeated 
using  a  fresh  calibration  standard. 
Alternatively,  a  new  calibration  curve 
must  be  prepared  for  that  compound. 

7.4  The  cleanup  procedure  in  Section 
1  1  utilizes  Florisil  chromatography. 
Florisil  from  different  batches  or 
sources  may  vary  in  absorptive 
capacity.  To  standardize  the  amount  of 
Florisil  which  is  used,  the  use  of  lauric 
acid  value'91  is  suggested.  The  refer¬ 
enced  procedure  determines  the 
adsorption  from  hexane  solution  of 
lauric  acid  (mg)  per  gram  Florisil.  The 
amount  of  Florisil  to  be  used  for  each 
column  is  calculated  by  dividing  this 
factor  into  110  and  multiplying  by  20 
9- 

7.5  Before  using  any  cleanup 
procedure,  the  analyst  must  process  a 
senes  of  calibration  standards  through 
the  procedure  to  validate  elution 
patterns  and  the  absence  of  interfer¬ 
ences  from  the  reagents. 

8.  Quality  Control 

8.1  Each  laboratory  that  uses  this 
method  is  required  to  operate  a  formal 
quality  control  program.  The  minimum 
requirements  of  this  program  consist  of 
an  initial  demonstration  of  laboratory 
capability  and  the  analysis  of  spiked 
samples  as  a  continuing  check  on 
performance.  The  laboratory  is  required 
to  maintain  performance  records  to 
define  the  quality  of  data  that  is 
generated.  Ongoing  performance 
checks  must  be  compared  with 
established  performance  criteria  to 
determine  if  the  results  of  analyses  are 
within  accuracy  and  precision  limits 
expected  of  the  method. 

8. 1 .  1  Before  performing  any  analyses, 
the  analyst  must  demonstrate  the 
ability  to  generate  acceptable  accuracy 
and  precision  with  this  method.  This 
ability  is  established  as  described  in 
Section  8.2. 


8  1.2  In  recog'-  bon  ot  the  rapid 
advanr.es  that  are  occurring  in  chroma¬ 
tography,  tne  analyst  is  permitted 
certain  options  to  improve  the  separa¬ 
tions  or  lower  the  cos’  o*  measurements 
Each,  time  such  modifications  are  made 
to  the  method,  the  analyst  is  required 
to  repeat  the  procedure  in  Section  8  2. 

8.  1.3  The  laboratory  must  spike  and 
analyze  a  minimum  of  10%  of  all 
samples  to  monitor  continuing  labora¬ 
tory  performance  This  procedure  is 
described  m  Section  8  4. 

8.2  To  establish  the  ability  to 
generate  accep-abie  accuracy  and  pre¬ 
cision.  the  analyst  must  perform  the 
following  operations. 

8.2.  1  Select  a  representative  spike 
concentration  for  each  compound  to  be 
measured  Using  stock  standards, 
prepare  a  quality  control  check  sample 
concentrate  in  acetone  1000  times 
more  concentrated  than  the  selected 
concentrations.  Quality  control  check 
sample  concentrates,  appropriate  for 
use  with  this  method,  will  be  available 
from  the  U  S.  Environmental  Protection 
Agency,  Environmental  Monitoring  and 
Support  Laboratory,  Cincinnati,  Ohio 
45268. 

8.2.2  Using  a  pipet,  add  1 .00  mL  ot 
the  check  sample  concentrate  to  each 
of  a  minimum  of  four  1000-mL  aliquots 
of  reagent  water.  A  representative 
wastewater  may  be  used  in  place  of 
the  reagent  water,  but  one  or  more 
additional  aliquots  must  be  analyzed  to 
determine  background  levels,  and  the 
spike  level  must  exceed  twice  the 
background  level  for  the  lest  to  be 
valid.  Analyze  the  aliquots  according  to 
the  method  beginning  in  Section  10. 

8.2.3  Calculate  the  average  percent 
recovery,  (R) ,  and  the  standard  devia¬ 
tion  of  the  percent  recovery  (s),  for  the 
results  Wastewater  background  cor¬ 
rections  must  be  made  before  R  and  s 
calculations  are  performed. 

8.2.4  Using  Table  2,  note  the 
average  recovery  (X)  and  standard 
deviation  (pi  expected  for  each  method 
parameter.  Compare  these  to  the  cal¬ 
culated  values  for  R  and  s.  If  s  >  2p  or 
IX  -  Ri  >  2p,  review  potential  problem 
areas  and  repeat  the  test. 

8.2.5  The  U  S.  Environmental  Pro¬ 
tection  Agency  plans  to  establish 
performance  criteria  for  R  and  s  based 
upon  the  results  of  interlaboratory 
testing.  When  they  become  available, 
these  criteria  must  be  met  before  anv 
samples  may  be  analyzed 

8.3  The  analyst  must  calculate 
method  performance  criteria  and  dei-ne 
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the  performance  of  the  laboratory  for 
eat  h  spike  concentrotion  and 
parameter  :>emg  measured 

8.3.1  Ca  r.ulate  upper  and  lower 
control  limits  for  method  performance 

Upper  Control  Limit  (UCL)  -  R  -+  3s 
Lower  Control  Limit  » LCD  -  R  -  3s 

where  R  a  'ti  s  ore  calt  plated  as  in 
Sf  tion  8  2  3  Trie  UC:  and  LCL  can 
De  iserf  to  cor, struct  control  Chans'10' 
that  a'e  useful  in  observing  trends  in 
performance  The  control  iimits  apove 
be  rep’aced  by  method  performance 
criteria  as  they  become  available  from 
the  U  S  Em .ronmental  Protection 
Agency. 

8  3.2  The  iaooratory  must  develop 
ana  maintain  separate  accuracy 
statements  of  laboratory  performance 
for  wastewater  samples.  An  accuracy 
statement  for  the  method  is  defined  as 
R  2  s  The  accuracy  statement  should 
be  oeveioped  by  the  analysis  of  four 
aliquots  of  wastewater  as  described  in 
Section  8  2  2.  followed  by  the  calcula¬ 
tion  of  R  and  s  Alternately,  the  analyst 
may  use  four  wastewater  data  points 
gathered  through  the  requirement  for 
continuing  quality  control  in  Section 

8.4  Tr.e  accuracy  statements  should 
be  updated  regularly110'. 

8.4.  The  laboratory  is  required  to 
collect  a  po'bon  of  their  samples  in 
duplicate  to  monitor  spike  recoveries. 
The  frequency  of  spiked  sample  analysis 
must  be  at  least  10%  of  all  samples  or 
one  sample  oer  month,  whichever  is 
greater  One  aliquot  of  the  sample  must 
be  spiked  and  analysed  as  described  in 
Section  8  2  If  the  recovery  for  a 
particular  parameter  does  not  fall 
within  the  control  limits  for  method 
performance,  the  results  reported  for 
that  parameter  in  all  samples  processed 
as  part  of  the  same  set  must  be  quali¬ 
fied  as  described  in  Section  1  3.5.  The 
laboratory  should  monitor  the  frequency 
of  data  so  qualified  to  ensure  that  it 
remains  at  or  below  5%. 

8.5  Before  processing  any  samples, 
the  analyst  should  demonstrate  through 
the  analysis  of  a  one-liter  aliquot  of 
reagent  water,  that  all  glassware  and 
reagent  interferences  are  under  control. 
Each  time  a  set  of  samples  is  extracted 
or  there  is  a  change  in  reagents,  a 
laboratory  reagent  blank  should  be 
processed  as  a  safeguard  against 
laboratory  contamination. 

8.6  It  is  recommended  that  the 
laboratory  adopt  additional  quality 
assurance  practices  for  use  with  this 
method  The  soecific  practices  that  are 
most  productive  oepend  upon  the 


needs  of  the  laboratory  arid  the  nature 
of  the  samples  Fi*_-:d  duplicates  may  be 
analyzed  to  monitor  trie  precision  of 
the  sampling  technique  When  doubt 
exists  over  the  identification  of  a  peak 
on  the  Chromatogram,  confirmatory 
techniques  such  as  gas  chromatography 
with  a  dissimilar  column,  specific 
element  detector  o'  mass  spectrometer 
must  be  used  Whenever  possible,  the 
laboratory  should  perform  analysis  of 
standard  reference  materials  and  parti¬ 
cipate  m  relevant  performance 
evaluation  studies 

9.  Sample  Collection, 
Preservation,  and  Handling 

9.1  Grab  samples  must  be  collected 
in  glass  containers  Conventional 
sampling  practices111'  should  be 
followed,  except  that  the  bottle  must 
not  be  prewashed  with  sample  before 
collection.  Composite  samples  should 
be  collected  in  refrigerated  glass 
containers  in  accordance  with  the 
requirements  of  the  program.  Automatic 
sampling  equipment  must  be  as  free  as 
possible  of  Tygon  tubing  and  other 
potential  sources  of  contamination. 

9.2  The  samples  must  be  iced  or 
refrigerated  at  4  °C  from  the  time  of 
collection  until  extraction.  If  the 
samples  will  not  be  extracted  within 
72  hours  of  collection,  the  sample 
should  be  adjusted  to  a  pH  range  of 
5  0  to  9  0  with  sodium  hydroxide  or 
sulfuric  acid.  Record  the  volume  of  acid 
or  base  used.  If  aldrin  is  to  be 
determined,  add  sodium  thiosulfate 
when  residual  chlorine  is  present  U  S. 
Environmental  Protection  Agency 
methods  330.4  and  330  5  may  be 
used  to  measure  chlorine  residual11 21. 
Field  test  kits  are  available  for  this 
purpose. 

9.3  All  samples  must  be  extracted 
within  7  days  and  completely  analyzed 
within  40  days  of  extraction12'. 

10.  Sample  Extraction 

10.1  Mark  the  water  meniscus  on  the 
side  of  the  sample  bottle  for  later  deter¬ 
mination  of  sample  volume  Pour  the 
entire  sample  into  a  two-liter  separatory 
funnel. 

10.2  Add  60  mL  methylene  chloride 
to  the  sample  bottle,  seal,  and  shake- 
30  seconds  to  rinse  the  inner  surface. 
Transfer  the  solvent  to  the  separatory 
funnel  and  extract  the  sample  by 
shaking  the  funnel  for  two  minutes 
with  periodic  venting  to  release  excess 
pressure.  Allow  the  organic  layer  to 
separate  from  the  water  phase  for  a 
minimum  of  10  minutes  If  the  emulsion 
interface  between  layers  is  more  than 


one  third  the  volume  of  the  solvent 
layer,  the  ana'yst  musl  employ  me 
chanical  techniques  to  complete  the 
phase  separation  The  optimum  tech¬ 
nique  depends  upon  tr,e  sample  but 
may  mcluoe  stirring.  Lit-anon  of  the 
emulsion  tnrough  glass  wool,  r.entnfu 
gation,  or  other  physuai  methods 
Collect  the  methylene  chlonde  extract 
in  a  250  mL  Eiienmever  fiask 

10.3  Ado  a  second  60-mL  vo'ume  o* 
methylene  chloride  to  the  samp.e  bott  e 
and  repeat  the  extraction  procedure  a 
second  time,  combining  tne  extracts  in 
the  Erlenmeyer  flask.  Perform  a  third 
extraction  in  the  same  manner. 

10.4  Assemble  a  Kuderna  Danish 
(K-D)  concentrator  by  attaching  a 
10-mL  concentrator  tube  to  a  500-mL 
evaporative  flask.  Other  concentration 
devices  or  techniques  mav  be  use.d  in 
place  of  the  Kuderna  Danish  if  the 
requirements  of  Section  8.2  are  met. 

10.5  Pour  the  combined  extract 
through  a  drying  column  containing 
about  1  0  cm  of  anhydrous  sodium 
sulfate,  and  collect  the  extract  in  the 
K-D  concentrator.  Rinse  the  Erlenmeyer 
flask  and  column  with  20  to  30  mL  of 
methylene  chloride  to  complete  the 
quantitative  transfer. 

10.6  Add  one  or  two  clean  boiling 
chips  to  the  evaporative  flask  and 
attach  a  three-ball  Snyder  column. 
Prewet  the  Snyder  column  by  adding 
about  1  mL  methylene  chloride  to  the 
top  Place  the  K-D  apparatus  on  a  hot 
water  bath  160  to  65  °C>  so  that  the 
concentrator  tube  is  partially  immersed 
in  the  hot  water  and  the  entire  lower 
rounded  surface  of  the  flask  is  bathed 
with  hot  vapor.  Adjust  the  vertical 
position  of  the  apparatus  and  the  water 
temperature  as  required  to  complete 
the  concentration  in  1  5  to  20  minutes. 
At  the  proper  rate  of  distillation  the 
balls  of  the  column  will  actively  chatter 
but  the  chambers  will  not  flood  with 
condensed  solvent.  When  the  apparent 
volume  of  liquid  reaches  1  mL,  remove 
the  K-D  apparatus  and  allow  it  to  drain 
and  cool  for  at  least  10  minutes. 

10.7  Increase  the  temperature  of  the 
hot  water  bath  to  about  80  °C. 
Momentarily  remove  the  Snyder 
column,  add  50  mL  of  hexane  and  a 
new  boiling  chip  and  reattach  the 
Snyder  column.  Prewet  the  column  by 
adding  about  1  mL  of  hexane  to  the 
top  Concentrate  the  solvent  extract  as 
before.  The  elapsed  time  of  concentra¬ 
tion  should  be  5  to  10  minutes  When 
the  apparent  volume  of  liquid  reaches  1 
mL,  remove  the  K-D  apparatus  and 
allow  it  to  drain  and  cool  at  least  10 
minutes. 


10  8  Ft'-iov  ' Snyder  column  and 
tin-  ;•  thi  fi  .sk  a1.;;  ;t  lower  joint  into 
tin  uiKei  tfd’o1  with  1  to  2  mL 
o'  •  -'»ar  i-  A  ?.  ml  rv  oge  is  retom 
n  t-d  U :•  tf  s  :*f«:Kir,  Stopper  the 

1.1  f-vatur  <  am  store 

rc*-  ..-ated  d  (.•(. c  essing  will 

i ■o-  :  e  ;.er;oir  eo  rn~.ed.aiely .  If  the 
t-x  n  r  ts  ,\  ill  1 1  str.'-yo  ior i ger  than  two 
nav  s  :>  >  v  sh  •  .  n  fdosferred  to 
Tel  -  •  «v«ec  s."-w  cat-  Pottles  If  the 
sa-  o  >.■  t-x-'ai.:  r»s  no  further 

cl*  or  {roc*— o  A'tr  gas  chromato- 
yra:  ’  it  ira'v  s  If  :ne  sampe  requires 
c  It  -n..p  or  tc  Section  1  1. 

10  9  I/*  ; ermine  t'.e  origina1  sample 

vri.j’ie  oy  re*  .ung  me  sample  Dottle  to 
tne  :r  ,•»'*<  and  transferring  the  liquid  to  a 
1000  i’il  grad. iatea  cylinder.  Record 
tnt  sample  vc-ume  to  the  nearest  5  mL. 

1 1 .  Cleanup  and  Separation 

11.1  Ceanup  procedures  may  not  be 
necessary  tor  a  relatively  clean  sample 
matrix  The  cleanup  procedures  recom¬ 
mended  in  this  method  have  been  used 
for  the  analysis  of  various  clean  waters 
ana  industrial  effluents.  If  particular 
circumstances  demand  the  use  of  an 
alternative  cleanup  procedure,  the 
analyst  must  determine  tne  elution 
profile-  and  demonstrate  that  the 
recovery  of  each  compound  of  interest 
is  no  less  than  85% .  The  Florisil 
column  allows  for  a  select  fractionation 
of  the  compounds  and  will  eliminate 
poiar  materials  Elemental  sulfur 
interferes  witn  the  electron  capture  gas 


sulfate  latyer  is  nearly  exposed  Elute 
tne  column  with  200  mL  of  6%  ethyl 
ether  in  hexane  IV  V)  (Fraction  1 1  using 
a  drip  rate  of  about  5  mL  min.  Remove 
the  K  D  flask  arid  set  aside  for  later 
concentration  Elute  the  column  again, 
using  200  mL  of  1  5%  ethyl  ether  in 
hexane  (V/ VKFractron  2).  into  a  second 
K-D  flask.  Perform  the  third  elution 
using  200  mL  of  50%  ethyl  ether  in 
hexane  (V'V)IFractron  3).  The  elution 
patterns  for  the  pesticides  an  PCB's  are 
shown  in  Table  2. 

11.2.4  Concentrate  the  eluates  by 
standard  K-D  techniques  (Section 
10  61,  substituting  hexane  for  the 
glassware  rinses  and  using  the  water 
bath  at  about  85  °C  Adjust  final 
volume  to  1  0  mL  with  hexane.  Analyze 
by  gas  chromatography. 

11.3  Elemental  sulfur  will  usually 
elute  entirely  in  Fraction  1  of  the  Florisil 
column  cleanup.  To  remove  sulfur 
interference  from  this  fraction  or  the 
original  extract,  pipet  1 .00  mL  of  the 
concentrated  extract  into  a  clean  con¬ 
centrator  tube  or  Teflon  sealed  vial. 

Add  one  to  three  drops  of  mercury  and 
seal11  3'.  Agitate  the  contents  of  the 
vial  for  1  5  to  30  seconds.  Prolonged 
shaking  (two  hours)  may  be  required.  If 
so,  this  may  be  accomplished  with  a 
reciprocal  shaker  Alternatively, 
activated  copper  powder  may  be  used 
for  sulfur  removal11 4|.  Analyze  by  gas 
chromatography, 

12.  Gas  Chromatography 


technique'15'  Smaller  (1  .0  piLI  volumes 
can  De  injected  if  automatic  devices  are 
employed  Record  the  volume  injected 
to  the  nearest  0  05  jjL ,  the  total 
extract  volume,  and  the  resulting  peak 
size  m  area  oi  peak  height  units 

12.5  The  width  of  the  retention  time 
window  used  to  make  ioentifications 
should  be  based  upon  measurements 
of  actual  retention  time  variations  of 
standa'ds  over  the  course  of  a  day. 
Tnree  times  the  standard  deviation  of  a 
retention  time  for  a  compounq  can  oe 
used  to  calculate  a  suggested  window 
size,  however,  the  experience  of  the 
anaivst  should  weigh  heavily  in  the 
interpretation  of  chromatograms. 

12.6  If  the  response  for  the  peak 
exceeds  the  working  range  of  the 
system,  dilute  the  extract  and 
reanalyze. 

12.7  If  the  measurement  of  the  peak 
response  is  prevented  by  the  presence 
of  interferences,  further  cleanup  is 
required. 

13.  Calculations 

13.1  Determine  the  concentration  of 
individual  compounds  in  the  sample. 

13.1.1  If  the  external  standard 
calibration  procedure  is  used,  calculate 
the  amount  of  material  injected  from 
the  peak  response  using  the  calibration 
curve  or  calibration  factor  in  Section 

7  2  2.  The  concentration  in  the  sample 
can  be  calculated  from  equation  2: 


cnromaiography  o1  certain  pesticides, 
but  can  be  removed  by  the  techniques 
described  below 

11.2  Florisil  column  cleanup: 

11.2.1  Add  a  weight  of  Florisil 
(nominally  21  g1  predetermined  by  cali¬ 
bration  (Section  7  4  and  7.5).  to  a 
chromatographic  column  Settle  the 
Florisil  by  tapping  the  column.  Add 
sodium  sulfate  to  the  top  of  the  Florisil 
to  form  a  layer  1  to  2  cm  deep  Add  60 
ml  of  hexane  to  wet  and  rinse  the 
sod'um  sulfate  and  Frorisil.  Just  prior  to 
exposure  of  tne  sodium  sulfate  to  a'r, 
stop  the  e'ution  of  the  hexane  by 
closing  the  stopcock  on  the  chroma¬ 
tography  column  Discard  the  eluate. 


12.1  Table  1  summarizes  the 
recommended  operating  conditions  for 
the  gas  chromatograph.  This  table 
includes  retention  times  and  MDl  that 
were  obtained  under  these  conditions. 
Examples  of  the  parameter  separations 
achieved  by  column  1  are  shown  in 
Figures  1  to  10.  Other  packed 
columns,  chromatographic  conditions, 
or  detectors  may  be  used  if  the 
requirements  of  Section  8  2  are  met. 
Capillary  (open-tubular)  columns  may 
also  be  used  if  the  relative  standard 
deviations  of  responses  for  replicate 
injections  are  demonstrated  to  be  less 
than  6%  and  the  requirements  of 
Section  8.2  are  met. 


(A)(V,) 

Eq.  2.  Concentration,  jig/L  =  jv  )(V  )~ 
where: 

A  =  Amount  of  material  injected,  in 
nanograms. 

V,  =  Volume  of  extract  injected 
(MU- 

V,  =  Volume  of  total  extract  (pi). 

V.  =  Volume  of  water  extracted 
(mL). 

13. 1.2  If  the  internal  standard  cali¬ 
bration  procedure  was  used,  calculate 
the  concentration  in  the  sample  using 
the  response  factor  (RF)  determined  in 
Section  7.3.2  and  equation  3. 

Eq  3 


11.2.2  Adjust  the  sample  extract 
volume  to  10  mL  with  hexane  and 
transfer  it  from  the  K  D  concentrator 
tube  to  the  F.orisi-  column  Rinse  the 
tube  twice  with  1  to  2  mL  hexane, 
adding  each  nose  to  the  column. 

11.2.3  Place  a  500-ml  K-D  flask  and 
clear,  con:  ertrato'  tube  under  the 
ervt  -•■(!•  jraohv  column  D'ain  the 

iu-ic  i-  to  :oe  f  as*  until  tne  sodium 


12.2  Calibrate  the  system  daily  as 
described  in  Section  7. 

1  2.3  If  the  internal  standard 
approach  is  being  used,  the  internal 
standard  must  be  added  to  the  sample 
extract  and  mixed  thoroughly 
Immediately,  before  injection  into  the 
instrument. 

12.4  Inject  2  to  5  mL  of  the  sample 
extract  using  the  solvent-flush 


Concentration,  pg/L  = 


where: 

A.  = 


(As)(ls) 

(A,S)(RF)(V0 


Response  for  the  parameter  to 
be  measured. 

Response  for  the  internal 
standard. 

Amount  of  internal  standard 
added  to  each  extract  Ipg). 
Volume  of  water  extracted,  in 
liters 


13  2  When  n  is  apparent  that  two  or 
more  PCB  (Aroclot)  mixtuies  are 
present,  the  Webb  and  McCall 
procedure1 1  h  may  De  used  to  identify 
and  quantify  the  Aroclors 

13.3  f-or  multicomponent  mixtures 
ichiordane  toxaphene  and  PCBs) 
match  retention  times  of  peaks  in  the 
standards  with  peaks  in  the  sample 
Quantitate  every  identifiable  peak 
unless  interference  with  individual 
peaks  persist  after  cleanup.  Add  peak 
height  or  peak  area  of  each  identified 
peak  m  the  chromatogram.  Calculate 
as  total  response  in  tne  sample  versus 
total  response  in  the  standard. 

13.4  Report  results  in  micrograms 
per  liter  without  correction  for  recovery 
data.  When  duplicate  and  spiked 
samples  are  analyzed,  report  all  data 
obtained  with  the  sample  results. 

13.5  For  samples  processed  as  part 
of  a  set  where  the  laboratory  spiked 
sample  recovery  falls  outside  of  the 
control  limns  in  Section  8  3.  data  for 
the  affected  parameters  must  be 
labeled  as  suspect 

14.  Method  Performance 

14.1  The  method  detection  limit 
IMDU  is  defined  as  fie  minimum 
concentration  of  a  substance  that  can 
be  measured  and  reported  with  99% 
confidence  that  the  value  is  above 
zero1’1  The  MDL  concentrations  listed 
m  Table  1  were  obtained  using  reagent 
water*171.  Similar  results  were  achieved 
using  representative  wastewaters. 

14.2  This  method  has  been  tested 
for  linearity  of  spike  recovery  from 
reagent  water  and  has  been  demon¬ 
strated  to  be  applicable  over  the 
concentration  range  from  4  x  MDL  up 
to  1000  x  MDL  with  the  following 
exceptions:  Chlordane  recovery  at  4  x 
MDL  was  low  (60%);  Toxaphene 
recovery  was  demonstrated  linear  over 
the  range  of  10  x  MDL  to  '  000  x 
MDL*17'. 

14.3  In  a  single  laboratory  (South¬ 
west  Research  Institute),  using  spiked 
wastewater  samples,  the  average 
recoveries  presented  in  Table  3  were 
obtained14'  Each  spiked  sample  was 
analyzed  in  triplicate  on  two  separate 
days.  The  standard  deviation  of  the 
percent  recovery  is  also  included  in 
Table  3. 

14.4  The  U  S  Environmental  Protec¬ 
tion  Agency  is  in  the  process  of 
conducting  an  interlaboratory  method 
study  to  fully  define  the  performance 
of  this  method 
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Table  1. 


Chromatographic  Conditions  and  Method 
Detection  Limits 


Table  2. 


Distribution  of  Chlorinated  Pesticides  and  PCBs 
into  Florisil  Column  Fiat  lions/ 


Retention  Time 

Method 

Per 

i  t-nr  Recovery 

(mm.) 

Detection  Limit 

by  Fraction 

Parameter 

Column  1 

Column  2 

P9'L 

Fraction 

Fraction  FraCt'Ur 

o-BHC 

1.35 

1.82 

0.003 

Parameter 

1 

2 

3 

y-BHC 

.  70 

2.  13 

0.004 

Aldnn 

100 

p-BHC 

1.90 

1.97 

0.006 

o-BHC 

100 

Heptachlor 

2.00 

3.35 

0.003 

ft-BHC 

97 

6-BHC 

2.  15 

2.20 

0.009 

6-BHC 

98 

Aldnn 

2.40 

4.  10 

0.004 

y-BHC 

100 

Hepachlor  epoxide 

3.50 

5.00 

0.083 

Chlordane 

100 

Fridosulfan  / 

4.50 

6.20 

0.014 

4,4  -DDD 

99 

4.4'  DDE 

5.  13 

7.15 

0.004 

4. 4  -DDE 

98 

Dieldnn 

5.45 

7.23 

0.002 

4,4  -DDT 

100 

Endnn 

6.55 

8.  10 

0  006 

Dieldrin 

0 

100 

4.4 -DDD 

7.83 

9.08 

0.011 

Endosulfan  1 

37 

64 

Endosulfan  II 

8.00 

8.28 

0.004 

Endosulfan 

0 

7 

91 

4. 4 -DDT 

9.40 

11.75 

0.012 

Endosulfan  sulfate 

0 

0 

106 

Endnn  aldehyde 

1 1.82 

9.30 

0.023 

Endrin 

4 

96 

Endosulfan  sulfate 

14.22 

10.  70 

0.066 

Endnn  aldehyde 

0 

68 

26 

Chlordane 

mr 

mr 

0.014 

Heptachlor 

WO 

Toxaphene 

mr 

mr 

0.24 

Heptachlor  epoxide 

100 

PCB- 1016 

mr 

mr 

nd 

Toxaphene 

96 

PCB-1221 

mr 

mr 

nd 

PCB- 1016 

97 

PCB  1232 

mr 

mr 

nd 

PCB-1221 

97 

PCB  1242 

mr 

mr 

0.065 

PCB- 1232 

95 

4 

PCB  1248 

mr 

mr 

nd 

PCB- 1242 

97 

PCB  1254 

mr 

mr 

nd 

PCB-1248 

103 

PCB 1260 

mr 

mr 

nd 

PCB- 12  54 

90 

Column  1  conditions 

Supelcoport  ( 1 00/ 1 20  mesh)  coated 

PCB- 1260 

95 

with  1 . 5%  SP- 2 250/1 . 95%  SP-240 1  packed  in  a  1.8m  Eluant  composition  by  fraction: 

long  x  4  mm  ID  glass  column  with  5%  Methane/95%  Fraction  1-6%  ethyl  ether  in  hexane 

Argon  earner  gas  at  a  flow  rate  of  60  mL/min.  Column  Fraction  2-  15%  ethyl  ether  in  hexane 

temperature  isothermal  at  200°C.  except  for  PCB-101 6  Fraction  3-50%  ethyl  ether  m  hexane 

through  PCB-1248,  which  should  be  measured  at 
1 60°C. 

Column  2  conditions:  Supelcoport  ( 1 00/120  mesh)  coated 
with  3%  OV-1  in  a  1.8  m  long  x  4  mm  ID  glass  column 
with  5%  Methane/95%  Argon  carrier  gas  at  a  flow  rate  of 
60  mL/min.  Column  temperature,  isothermal  at  200°C, 
for  the  pesticides ;  140°C  for  PCB-1221  and  1232; 

170°C  for  PCB- 101 6  and  1 242  to  1 268. 
mr  —  Multiple  peak  response.  See  Figures  2  thru  10. 
nd  -  Not  determined. 
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7ai>/e  1.  Chromatographic  Conditions  and  Method 
Detection  Limits 

Retention  Time  Method 

_ [rn‘Pj]_ _ Detection  Limit 

Parameter  Column  1  Column  2  yg/L 


0  3HC 

1.35 

1.82 

0.003 

y  3HC 

.  70 

2  13 

0  004 

ft  BHC 

1.90 

1.97 

0.006 

Heptachlor 

2.00 

3.35 

0.003 

6 BHC 

2. 15 

2.20 

0.009 

A  Id r in 

2.40 

4.  10 

0.004 

Hepachlor  epoxide 

3.50 

5.00 

0.083 

Endosulfan  t 

4.50 

6.20 

0.014 

4.4  DDE 

5.  13 

7. 15 

0.004 

Die/drin 

5.45 

7.23 

0.002 

Endrin 

6.55 

8. 10 

0.006 

4,4  -ODD 

7.83 

9.08 

0.011 

Endosulfan  II 

8.00 

8.28 

0.004 

4. 4 -DDT 

9.40 

11.75 

0.012 

Endrin  aldehyde 

11.82 

9.30 

0.023 

Endosulfan  sulfate 

14. 22 

10.  70 

0.066 

Chlordane 

mr 

mr 

0.014 

Toxaphene 

mr 

mr 

0  24 

PCB 1016 

mr 

mr 

nd 

PCB- 1221 

mr 

mr 

nd 

PCB- 1232 

mr 

mr 

nd 

PCB  1242 

mr 

mr 

0.065 

PCB  1248 

mr 

mr 

nd 

PCB  1254 

mr 

mr 

nd 

F^B-1260 

mr 

mr 

nd 

Column  1  conditions:  Supelcoport  11 00/1 20  mesh)  coated 
with  1 .5%  SP-2250/1 .95%  SP-2401  packed  in  a  1.8  m 
long  x  4  mm  ID  glass  column  with  5%  Methane/95% 
Argon  earner  gas  at  a  flow  rate  of  60  ml/min.  Column 
temperature  isothermal  at  200  °C,  except  for  PCB- 1016 
through  PCB- 1248,  which  should  be  measured  at 
1 60°C. 

Column  2  conditions  Supelcoport  1 1 00/1 20  mesh)  coated 
with  3%  OV- 1  in  a  1.8  m  long  x  4  mm  ID  glass  column 
with  5  %  Methane/95  %  Argon  carrier  gas  at  a  flow  rate  of 
60  mL/min.  Column  temperature,  isothermal  at  200°C, 
for  the  pesticides;  140°C  for  PCB- 1221  and  1232; 
1  70°C  for  PCB  1016  and  1 242  to  1268. 
mr  Multiple  peak  response.  See  Figures  2  thru  1 0. 
nd  Not  determined 


Table  2  Distribution  of  Chlorinated  Pestu  ides  and  PCBs 
into  Flonsil  Column  Fractions' 

Percent  Recovery 
by  Fraction 


Fraction  Fraction  Fraction 
Parameter  12  3 


Aldnn 

100 

o-BHC 

100 

P-BHC 

97 

6- BHC 

98 

y-BHC 

100 

Chlordane 

100 

4.4-DDD 

99 

4,4' -DDE 

98 

4.4 -DDT 

100 

Dieldrin 

0 

100 

Endosulfan  1 

37 

64 

Endosulfan 

0 

7 

91 

Endosulfan  sulfate 

0 

0 

106 

Endrin 

4 

96 

Endrin  aldehyde 

0 

68 

26 

Heptachlor 

100 

Heptachlor  epoxide 

100 

Toxaphene 

96 

PCB  1016 

97 

PCB- 1221 

97 

PCB- 1232 

95 

4 

PCB- 1242 

97 

PCB- 1248 

103 

PCB- 1254 

90 

PCB- 1260 

95 

Eluant  composition  by  fraction: 
Fraction  1—6%  ethyl  ether  in  hexane 
Fraction  2—15%  ethyl  ether  in  hexane 
Fraction  3—50%  ethyl  ether  in  hexane 
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Table  3  Single  Operator  Accuracy  and  Precision 


Average  Standard  Spike  Number 

Percent  Deviation  Range  of  Matrix 


Parameter 

Recovery 

% 

fag/L) 

Analyses 

Types 

Aldnn 

89 

2  5 

2.0 

15 

3 

a-BHC 

89 

2.0 

1.0 

15 

3 

(i-BHC 

88 

1.3 

2.0 

15 

3 

A-BHC 

86 

3.4 

2.0 

15 

3 

y  BHC 

97 

3.3 

1.0 

15 

3 

Chlorane 

93 

4  1 

20 

21 

4 

4-4' ODD 

92 

1.9 

6.0 

15 

3 

4, 4' -DDE 

89 

2.2 

3.0 

15 

3 

4, 4' -DDT 

92 

3.2 

8.0 

15 

3 

Dieldnn 

95 

2.8 

3.0 

15 

2 

Endosulfan  / 

96 

2.9 

3.0 

12 

2 

Endosulfan  II 

97 

2.4 

5.0 

14 

3 

Endosulfan  sulfate 

99 

4.  1 

15 

15 

3 

Endnn 

95 

2.  1 

5.0 

12 

2 

Endnn  aldehyde 

87 

2  1 

12 

1 1 

2 

Heptachlor 

88 

3.3 

1.0 

12 

2 

Heptachlor  epoxide 

93 

1.4 

2.0 

15 

3 

Toxaphene 

95 

3.8 

200 

18 

3 

PCB  1016 

94 

1.8 

25 

12 

2 

PCB  1221 

96 

4.2 

55-110 

12 

2 

PCB  1232 

88 

2.4 

1  to 

12 

2 

PCB  1242 

92 

2.0 

28-56 

12 

2 

PCB  1248 

90 

1.6 

40 

12 

2 

PCB  1254 

92 

3.3 

40 

18 

3 

PCB  1260 

91 

5.5 

80 

18 

3 

detention  time,  minutes 


Figure  1.  Gas  chromatogram  of  pesticides 


Column:  1.5%  SP-2250 - 
1.95 %  SP-2401  on 
Supe/coport 
Temperature  200°C 
Detector:  Electron  capture 


II 


l 


l _ l _ I _ I _ I _ *  i  »  « 

0  4  8  12  16 

Retention  time,  minutes 

Figure  2.  Gas  chromatogram 
of  chlordane 
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Column :  1.5%  SP-2250 * 

\  1.95%  SP-2401  on 

j  Supelcoport 

j  Temperature:  200°C. 

!  Detector :  Electron  capture 


Column:  1.5%  SP-2250*  1.95%  SP-2401  on 
Supelcoport 
Temperature:  160°C. 

Detector:  Electron  capture 


Retention  time,  minutes 
Figure  3.  Gas  chromatogram  of  toxaphene 


2  6  10  14  18 

Retention  time,  minutes 

Figure  6 .  Gas  chromatogram  of  PCB- 1221 


'\  Column  1  5%  SP  2250*  1.95%  SP-2401  on 
j  Supelcoport 

ij  Temperature  160°C. 

II  Detector  Electron  capture 


Column :  1.5%  SP  2250*  1.95%  SP-2401  on 
Supelcoport 
Temperature  160°C. 

Detector:  Electron  capture 


Retention  time,  minutes 
Figure  4.  Gas  chromatogram  of  PC8-1016 


Retention  time,  minutes 
Figure  6.  Gas  chromatogram  of  PCB-1 232 
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Column  I  5%  SP  2250-  1  95%  SP  2401  on 
Supelcoport 
Temperature  160°C. 

Detector  Electron  capture 


Retention  time,  minutes 
Figure  7.  Gas  chromatogram  of  PCB-1 242. 


Column  1  5%  SP2250-  1  95%  SP  2401  on 
Supelcoport 
Temperature  200°C 
Detector  Electron  capture 


Retention  time,  minutes 
Figure  9.  Gas  chromatogram  of  PCB-1 254. 


\  Column.  1.5%  S P-2 2 50-  1  95%  SP-2401  on 
I  Supelcoport 

I  Temperature  1 60°C. 

!  Detector  Electron  capture 


|  Column:  15%  SP-2250+  1.95%  SP-2401  on 
I  Supelcoport 

j  Temperature:  200°C. 

'  Detector:  Electron  capture 


.  Retention  time,  minutes 
Figure  8.  Gas  chromatogram  of  PCB-1 248- 


Retention  time,  minutes 
Figure  10.  Gas  chromatogram  of  PCB-1 260 

July  1982 


SUMMARY  OF  WATER  QUALITY  ANALYTICAL  RESULTS 
FOR  BOMARC,  BULK  FUEL  STORAGE  AND  FIRE  TRAINING  AREA 
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SUMMARY  OF  SOIL  AND  WATER  ANALYTICAL 
RESULTS  FOR  THE  PESTICIDE  WASH  AREA 


Detection  Limit 
Soils 


\m*r% »v 


SUMMARY  OF  SOILS 

ANALYTICAL  RESULTS  FOR  THE  DPDO  STORAGE  AREA 


Location 


Bor ing 
No. 


Depth 
(ft.  ) 


Oil  & 
Grease 
(mq/kq ) 


PCB 

(as  1260) 
(ug/kg) 


. 

DPDO 

TB-3 

1-2 

6360.0 

24 

r„  •* 
rv 

r  « 

Loading  and  Drum 
Storage  Area 

TB-3 

4.5-6 

31.4 

<10 

% 

fc 

tl 

TB-3 

15-16 

53.5 

<10 

*.  -■ 
h.v 
•  **  * 

M 

TB-4 

1-2 

132.0 

<10 

■V 

It 

TB-4 

4-5 

20.8 

— 

a 

It 

TB-4 

14.5-16 

17.5 

— 

r/j  n 

DPDO,  Buried 

Tank  Area 

TB-5 

1-2 

3430.0 

30 

ft 

TB-5 

4-5 

234 ,000.0 

<10 

tm 

i 

l* 

TB-5 

14.5-16 

149.0 

<10 

ll 

TB-6 

1-2 

1,454.0 

<10 

it 

TB-6 

4-5 

25,400.0 

<10 

it 

TB-6 

14 . 5-16 

97.5 

<10 

if 

TB-7 

1-2 

617. 0 

14 

k 

it 

TB-7 

4-5 

16,600.0 

<10 

ft 

TB-7 

16-18 

112.0 

10 

DETECT' LON  LIMIT 

0.1 

10 
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3.  FEDERAL  PROJECTION  OF  GROUND-WATER  QUALITY 


The  federal  programs  dealing  with  the  protection  of  ground-water  quality  are  administered  largely  by  the 
Environmental  Protection  Agency  (EPA)  The  federal  programs  which  provide  the  framework  for  state  regulations 
are  summarized  in  this  section. 

3.1  GROUND-WATER  PROTECTION  POLICY 

At  this  writing.  February  1983,  U.S.  SPA'S  final  policy  on  ground-water  protection,  scheduled  for  September  1982 
release,  has  not  been  published.  Based  on  the  proposed  strategy  published  by  EPA  in  November  1980  and  recent 
press  releases,  it  appears  that  EPA  will  be  implementing  a  policy  that  would  give  the  states  lead  responsibility  in 
the  protection  of  ground-water  quality.  EPA's  efforts  apparently  will  be  focused  in  three  major  areas: 

1.  Development  of  an  internally  consistent  federal  approach  to  ground-water  protection 

2  Monitoring,  research  and  development  efforts  directed  toward  more  comprehensive  problem  definition  and 
new  detection,  conlrols,  and  clean-up  technology  development 

3.  Guidance,  coordination,  and  assistance  to  states  in  the  development  of  state  policies 

A  significant  component  of  EPA’s  policy  is  expected  to  be  a  ground-waler  classification  system  which  could  be 
used  to  determine  the  degree  of  protection  needed  for  various  types  of  ground  water.  Ground-water  classification 
is  discussed  in  Chapter  4. 

3.2  CLEAN  WATER  ACT 

This  statute  refers  to  ground-water  protection  in  municipal  waste  water  treatment,  planning,  and  research  programs 
Its  principal  regulatory  programs,  however,  focus  on  surface  water.  Section  303  empowers  EPA  to  approve  states 
water  quality  standards  which  are  based  on  the  states  classification  of  rivers  and  streams.  Many  states  have  included 
ground  water  in  their  definition  of  "waters  of  the  state"  for  purposes  of  this  act  (state  summaries).  On  this  basis  the 
National  (state)  Pollutant  Discharge  Elimination  System  (NPDES/SPDES)  permitting  process  may  be  invocable  for 
purposes  of  ground-water  protection.  In  addition  the  act  empowers  EPA  to 


1.  Develop  a  comprehensive  program  for  ground-waler  pollution  control  [Section  102(a)] 

2  In  cooperation  with  states,  equip  and  maintain  a  surveillance  system  for  monitoring  ground-water  quality 
[Section  104(a)(5)] 

3  Provide  grants  to  states  and  area-wide  agencies  to  develop  ground-water  quality  management  plans  to 
identify  salt  water  intrusion  and  control  disposal  of  pollutants  in  subsurface  excavations,  and  control 
disposition  of  wastes.  (May  include  authority  for  comprehensive  ground-water  management  plans, 
including  conjunctive  use  with  surface  water)  [Section  102(c),  208(b)) 

4.  Require  development  of  Best  Management  Practices  (BMP)  to  control  nonpoint  source  pollution  problems 
to  ground-water  quality  [Section  208(b)] 

5.  Develop  criteria  for  ground-water  quality  considering  kind  and  extent  of  effects  on  health  and  welfare  from 
the  presence  of  pollutants  [Section  304(a)] 

6  Determine  information  necessary  to  restore  and  maintain  chemical,  physical,  and  biological  integrity  of 
ground  water  [Section  304(a)] 

7  Issue  information  on  the  factors  necessary  to  restore  and  maintain  chemical,  physical,  and  biological 
integnty  ol  ground  water  [Sections  304(a)(2)] 

3.3  SAFE  DRINKING  WATER  ACT 

Th  s  statu' j  autnorizes  EPA  to  set  maximum  contaminant  levels  (MCLs)  and  monitoring  requirements  for  public 
water  systems  and  provides  for  the  protection  of  underground  sources  ol  dunking  water.  The  MCLs  regulate  the 
qja'  ty  of  'finished'  water,  i.e  ,  water  as  delivered,  not  the  quality  of  the  source  water.  As  discussed  below,  the 
MCLs  ha.e  been  utilized  by  EPA  and  the  states  as  the  basis  for  other  regulations  dealing  with  ground-water 
cja'  and  p’c'ect  on 


3,3.1  National  Interim  Primary  Drinking  Water  Regulations 

EPA  initiated  a  detailed  study  of  the  health  effects  of  various  contaminants  in  water  soon  after  the  Safi  linking 
Act  (SDWA)  was  signed  into  law.  So  that  the  regulations  could  include  the  findings  of  this  and  other  std  es.  the 
primary  drinking  water  regulations  were  to  be  developed  in  two  stages:  an  interim  version  and  a  final  verson.  The 
interim  version  of  the  regulation  became  effective  24  June  1977.  SDWA  provides  for  delegation  of  authony  to  the 
states.  State  Primary  Drinking  Water  Regulations  must  be  at  least  as  stringent  as  the  federal  regulators. 

The  National  Interim  Primary  Drinking  Water  Regulations  define  Maximum  Contaminant  Level  as  the  mjrimum 
permissible  level  of  a  contaminant  in  water  which  is  delivered  to  the  free-flowing  outlet  of  the  ultimate  iser  of  a 
public  water  system,  except  in  the  case  of  turbidity  (applicable  to  surface  water  only)  where  the  m-ximum 
permissible  level  is  measured  at  the  point  of  entry  to  the  distribution  system.  The  MCLs  are  provided  with  he  state 
summaries. 

3  3.2  National  Secondary  Drinking  Water  Regulations 

These  regulations  control  contaminants  in  drinking  water  that  primarily  affect  the  aesthetic  qualities  relahig  to  the 
public  acceptance  of  drinking  water.  At  considerably  higher  concentrations  of  these  contaminants  health 
implications  may  also  exist  as  well  as  aesthetic  degradation.  The  National  Secondary  Dnnking  Water  Refutations 
are  not  federally  enforceable  but  are  intended  as  guidelines  for  the  states. 

Secondary  Maximum  Contaminant  Levels  (SMCLs)  are  defined  as  the  maximum  permissible  leal  of  a 
contaminant  in  water  which  is  delivered  to  the  free-flowing  outlet  of  the  ultimate  user  of  a  public  wale’  -vstem. 
Federal  and  stale  SMCLs  are  provided  in  the  state  summaries.  The  states  may  establish  higher  or  low  levels 
which  may  be  appropriate  depending  upon  local  conditions  such  as  unavailability  of  alternate  sources  o'  vater  or 
other  compelling  factors,  provided  the  public  health  and  welfare  are  not  adversely  affected. 

3.3.3  Sole  Source  Aquifer 


The  Sole  Source  Aquifer  provisions  of  SDWA  allow  EPA  to  designate  an  aquifer  as  the  sole  source  o'  making 
water  for  an  area  thereby  guaranteeing  protection  from  contamination  by  federally  assisted  activities.  Local, 
regional,  or  state  agencies  can  petition  EPA  for  sole  source  designation.  The  EPA  Administrator  may  desenate  an 
aquifer  which  is  a  sole  or  principal  drinking  water  source  if  its  contamination  would  create  a  significant  hazard  to 
public  health.  If  the  designation  is  made,  no  federal  money  or  financial  commitment  may  be  made  for  an'  project 
which  the  Administrator  determines  may  contaminate  the  designated  aquifer  through  its  recharge  zone 
At  this  writing,  February  1983,  EPA  has  designated  the  following  ten  sole  source  aquifers: 

Biscayne  Aquifer  -  Florida  Nassau  and  Suffolk  counties  -  New  York 

Buried  Valley  Aquifer  -  New  Jersey  Cape  Cod  -  Massachusetts 

Edwards  Aquifer  -  Texas  Fresno  -  California 

Camano  Island — Whidbey  Island  Aquifer  -  Washington  Ten  Mile  Creek  -  Maryland 


Spokane-Rathdrum  Aquifer  -  Washington  and  Idaho 
The  following  eighteen  are  under  consideration: 
Arizona 

Santa  Cruz,  Upper  Santa  Cruz,  Aura-Altar  Basins 

California 
Scotts  Valley 

Delaware 

New  Castle  County 
Florida 

Volusia  -  Flondan  Aquifer 
Idaho 

Snake  River  Plain 

Louisiana 
Baton  Rouge 
DeSota  Pansh 


Northern  Guam  Lens  -  Guam 
New  York 

Kings  and  Queens  counties 

Sardinia 

Schenectady 

Vestal 

Pennsylvania 
Seven  Valleys 

Texas 

Carrizo-Wilcox  Aquifer 

Texas  and  New  Mexico 
Delaware  Basin 

Wisconsin 
Niagara  AquJor 


New  Jersey 
Coastal  Piam 
Ricce.vcod 
Upper  Roc*  away 


3.6  RESOURCE  CONSERVATION  AND  RECOVERY  ACT 


The  Solid  Waste  Disposal  Act  and  the  Resource  Recovery  Act  ol  1970,  as  amended  by  the  Resorce 
Conservation  and  Recovery  Act  of  1976  (RCRA),  require  EPA  to  establish  a  national  program  to  regulate  ne 
management  of  waste  materials. 

3.6.1  Solid  Waste 

Subtitle  D  o(  RCRA  established  a  broad-based  national  program  to  improve  solid  waste  management  through  ne 
development  of  state  and  regional  solid  waste  management  plans.  The  act  offered  federal  financial  assistant  to 
states  interested  in  developing  and  implementing  a  solid  waste  management  plan.  The  stale  plans,  under  fedral 
guidelines,  identify  respective  responsibilities  of  local,  state,  and  regional  authorities,  and  encourage  resouce 
recovery  and  conservations  and  the  application  and  enforcement  of  environmentally  sound  disposal  practice. 

A  major  element  of  the  Subtitle  D  program  is  the  open  dump  inventory.  Section  4005  of  RCRA  prohibits  c::-o 
dumping  Federal  enteria  for  classifying  solid  waste  management  facilities  are  provided  in  40  CFR  257.  E:;> 
cannot  approve  a  state  solid  waste  management  program  with  less  stringent  criteria.  Solid  waste  management 
facilities  failing  to  satisfy  the  criteria  are  considered  open  dumps.  In  oroer  to  satisfy  these  critena,  a  facility  r 
practice  (in  addition  to  other  environmental  considerations)  shall  not  contaminate  an  underground  drinking  war-' 
source  beyond  the  solid  waste  boundary  or  beyond  an  alternative  boundary  established  by  the  state  or  in  com 
persuant  to  the  stipulations  of  40  CFR  257.3-4.  The  federal  criteria  define  contamination  as  an  exceedence  of  ti? 
MCLs  provided  in  the  National  Intenm  Primary  Drinking  Water  Regulations  or  an  increase  in  concentration  of  ar.- 
parameter  for  which  the  ambient  concentration  exceed  the  MCL. 

3  6.2  Hazardous  Waste 

EPA  has  issued  a  series  of  hazardous  waste  regulations  under  Subtitle  C  of  RCFIA  (40  CFR  260  to  267  and  1 22  o 
124)  On  19  May  1980,  EPA  issued  a  comprehensive  set  of  standards  for  generators  and  transporters  r 
hazardous  waste  and  "interim  status"  standards  for  facilities  in  existence  on  19  November  1980,  that  treat,  store 
or  dispose  of  hazardous  waste.  Such  facilities  were  allowed  to  operate  under  interim  status  until  they  received  ai 
RCRA  permit.  Subsequently,  EPA  issued  standards  for  granting  RCRA  permits  to  treatment  and  storage  facilitie.. 
Standards  for  land  disposal  facilities  were  issued  on  26  July  1982 — virtually  completing  the  program  t.~ 
controlling  hazardous  waste  under  RCRA. 

The  standards  for  permitting  land  disposal  facilities  were  issued  after  a  wide  range  of  regulatory  options  wen 
considered  Over  a  period  of  several  years,  EPA  proposed  two  different  sets  of  land  disposal  standards  an: 
solicited  comments  on  various  issues.  On  13  February  1981.  EPA  issued  temporary  standards  for  new  Ian: 
disposal  facilities.  The  26  July  regulations  replace  those  temporary  standards  except  for  Class  I  undergroun: 
injection  wells.  These  will  remain  subject  to  the  temporary  standards  until  final  standards  are  issued. 

The  regulations  consist  primarily  of  two  complementary  sets  of  performance  standards: 

1.  A  set  of  design  and  operating  standards  tailored  to  each  of  four  types  of  facilities 

2.  Ground-water  monitoring  and  response  regulations  applicable  to  all  land  disposal  facilities 
The  design  and  operating  standards  implement  a  liquids  management  strategy  that  has  two  goals: 

1.  Minimize  leachate  generated  at  the  facility 

2.  Remove  leachate  generated  to  minimize  its  chance  of  reaching  ground  water 
The  major  requirements  include 

1.  Liner 

•  Requirement:  design  to  prevent  migration  of  waste  cut  of  the  facility  during  its  active  life 

•  Applicability,  landfills,  surface  impoundments,  and  waste  piles 

2  Leachate  collection  and  removal 

•  Requirement:  cot  ec:  and  remove  leachaie  from  the  facility  and  ensure  that  leachate  depth  over  the  line- 
Goes  not  exceed  30  centimeters  fi  foot) 

•  App'icabiiity  lanqfiiis  and  waste  piles 
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3.  Run-on  and  runoff  conirol  systems 

•  Requirement  design  to  control  (low  during  at  least  25-year  storm 

•  Applicability,  landfills,  waste  piles,  land  treatment 

4.  Wind  dispersal  controls 

•  Requirement:  cover  waste  or  otherwise  manage  unit  to  control  wind  dispersal 

•  Applicability:  landfills,  waste  piles,  and  land  treatment  units  that  contain  particulate  matter 

5.  Overtopping  controls 

•  Requirement:  prevent  overtopping  or  overfilling 

•  Applicability:  surtace  impoundments 

6  Disposal  unit  closure 

•  Requirement:  final  cover  (cap)  over  waste  unit  designed  to  minimize  infiltration  of  precipitation 

•  Applicability,  landfills  and  surface  impoundments  (if  used  for  disposal) 

7.  Storage  unit  closure 

•  Requirement:  remove  waste  and  decontaminate 

•  Applicability:  surface  impoundments  used  for  treatment  or  storage  and  waste  piles 

8.  Postclosure  Care 

•  Maintain  effectiveness  of  final  cover 

•  Operate  leachafe  collection  and  removal  system 

•  Maintain  ground-waier  monitoring  system  (and  leak  detection  system  where  double  liner  is  used) 

•  Continue  30  years  after  closure 

The  goal  of  the  ground-water  monitoring  and  response  program  is  to  detect  and  correct  any  ground-water 
contamination  There  are  four  mam  elements: 

1  A  detection  monitoring  program  which  requires  the  permittee  to  install  a  system  to  monitor  ground  water  in 
the  uppermost  aquifer  to  determine  if  a  leachate  plume  has  reached  the  edge  of  the  waste  management 
area. 

2.  A  ground-water  protection  standard  is  set  when  a  hazardous  constituent  is  detected.  The  standard 
specifies  concentration  limits,  compliance  point,  and  compliance  penod. 

3  A  compliance  monitoring  program  determines  if  the  facility  is  complying  with  its  ground-water  protection 
standard. 

4  Corrective  action  is  required  when  the  ground-water  protection  standard  is  violated  The  permittee  must 
either  remove  the  contamination  or  treat  it  in  place  to  restore  ground-water  quality. 

Until  hazardous  waste  management  facilities  are  issued  permits,  existing  facilities  will  continue  to  operate  under 
interim  status  standards.  Facilities  operating  under  interim  status  will  be  required  to  file  Part  B  applications  for  final 
permits. 

Under  Subtitle  C  of  RCRA,  EPA  approves  state  hazardous  waste  management  programs  in  two  phases.  Phase  I 
authorization  gives  states  the  right  to  control  transportation  and  generation  of  hazardous  wastes  within  their 
borders  and  to  regulate  existing  treatment,  storage,  and  disposal  facilities.  Phase  II  authorization  includes  the 
permitting  of  new  facilities 

3.7  COMPREHENSIVE  ENVIRONMENTAL  RESPONSE,  COMPENSATION,  AND  LIABILITY  ACT 

This  statute  (CERCLA),  commonly  referred  to  as  Superlund,  authorizes  EPA  to  respond  to  releases  or  threatened 
releases  into  the  environment,  including  ground  water,  of  any  hazardous  substance  which  may  present  an 
imminent  and  substantial  danger  to  public  health.  The  act  provides  funds  for  emergency  action  and  has  cosl 
recovery  provisions 


3  3  4  Unde-ground  Injection  Control 

The  Underground  Injection  Control  (UIC)  program  regulates  the  uses  ol  underground  injection  welis  to  protect  an 
underground  source  of  drinking  water  (USDW)  USDW  means  an  aquifer  or  its  portion  which 

1.  supplies  any  public  water  system  or  contains  a  sufficient  quantity  of  ground  water  to  supply  a  public  water 
system; 

2.  currently  supplies  drinking  water  for  human  consumption  or  contains  less  than  10,000  mg/liter  total 
dissolved  solids;  and 

3.  is  not  an  exempted  aquifer  (40  CFR  146.04  provides  criteria  for  exemption). 

SDWA  requires  any  state  designated  by  EPA  as  requiring  a  UIC  program  to  develop  and  submit  a  state  UIC 
program  for  EPA  approval.  EPA  has  designated  each  of  the  fifty  states. 

The  federal  program  classifies  injection  wells  as  follows: 

Class  I — Wells  used  to  inject  hazardous  waste,  or  other  industrial  and  municipal  disposal  wells  which  inject 
fluids  beneath  the  lower-most  formation  containing  a  USDW  within  one-quarter  mile  of  the  well  bore. 

Class  II — Wells  that  inject  fluids 

1 .  which  are  brought  to  the  surface  as  part  of  conventional  oil  or  natural  gas  production  and  may  be  mixed 
with  production  waste  waters  from  gas  plants,  unless  those  waters  are  classified  as  a  hazardous  waste  at 
the  time  of  injection; 

2  for  enhanced  recovery  of  oil  or  natural  gas;  and 

3  tor  storage  of  hydrocarbons  which  are  liquid  at  standard  temperature  and  pressure. 

Class  III— Wells  that  inject  for  extraction  of  minerals  including 

1 .  mining  of  sulfur  by  the  Frasch  process; 

2.  in  situ  production  of  uranium  or  other  metals.  This  category  includes  only  in  situ  production  from  ore 
bodies  which  have  not  been  conventionally  mined.  Solution  mining  of  conventional  mines  such  as  slopes 
leaching  is  included  in  Class  V;  and 

3  solution  mining  of  salts  or  potash. 

Class  IV— Wells  used  to  dispose  ol  hazardous  or  radioactive  waste  into  or  above  a  formation  which  contains  a 
USDW  within  one-quarler  mile  of  the  well.  Also,  wells  used  to  inject  hazardous  waste  that  cannot  be  classified 
as  Class  I  or  Class  IV  under  the  above  criteria  are  Class  IV  wells. 

Class  V— All  other  injection  wells  (40  CFR  146.05(e)  and  146.51  provide  specific  information  and  exemptions). 

Underground  injection  is  controlled  through  the  permitting  process.  Construction,  operation,  monitoring  and 
reporting  activities  are  controlled.  Individual  slate  programs  are  based  upon,  and  must  be  essentially  equivalent 
to.  the  federal  cnteria  and  standards  (40  CFR  146). 

3  4  TOXIC  SUBSTANCE  CONTROL  ACT 

This  statute  (TSCA)  authorizes  EPA  to  restrict  or  prohibit  the  manufacture,  distribution,  and  use  of  products  which 
may  result  in  unreasonable  risk  to  health  and  the  environment.  Although  ground  water  is  not  specifically  named  in 
the  Act.  EPA  has  taken  the  position  that  the  protection  of  health  and  the  environment  includes  the  protection  of 
g'ound  water. 

3.5  FEDERAL  INSECTICIDE,  FUNGICIDE,  RODENT1CIDE  ACT 

This  statute  (FlFRA)  gives  EPA  the  responsibility  to  control  the  sale  and  use  of  all  pesticides  to  prevent 
unreasonab'e  adverse  environmental  and  health  effects.  The  use  and  disposal  of  pesticide  packages  and 
containers  is  a'so  regulated  In  deciding  whether  to  register,  cancel,  suspend,  or  change  the  classification  of  a 
pest  ;ce.  EPA  considers  a  broad  range  of  environmental  impacts  including  those  affecting  ground  water. 
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Classification-Ground  water  is  included  in  ihe  definition  of  “waters'  as  found  in  the  New  Jersey  Water  Poliuton 
Control  Laws.  A  ground-water  classification  system  is  in  effect,  with  ground  water  classified  according  to  toal 
dissolved  solids  content.  Class  I  ground  waters  have  a  TDS  content  of  500  mg/liter  or  less.  Class  2  ground  waters 
have  a  TDS  content  of  10,000  mg/liter  or  less.  Ground  water  of  the  Pine  Lands  is  classified  separately  for  specal 
protection. 

Quality  Standards-Ground-water  quality  standards  have  been  adopted  that  are  the  same  as  the  federal  primay 
drinking  water  standards.  These  standards  are  part  of  the  NJPDES  permit  program. 

Drinking  Water  Standards-The  New  Jersey  Department  of  Environmental  Protection  has  adopted  the  fedeal 
primary  and  secondary  drinking  water  standards. 

Appropriation-The  reasonable  use  system  governs  ground-water  allocations  in  New  Jersey.  All  users  of  grourd 
water  in  excess  of  100,000  gallons  per  day  need  a  diversion  permit  from  the  Department  of  Environmenal 
Protection. 

Controlled  Use  Areas-The  Pinelands  area  is  subject  to  special  requirements  for  ground-water  withdrawals 
Well  Construction-Well  permits  and  records  are  required  for  all  wells  drilled  in  New  Jersey. 

Underground  Injection  Control-New  Jersey  has  developed  a  state  UIC  program  that  has  been  submitted  fir 
EPA  approval.  The  Division  of  Waste  Management  in  the  Department  of  Environmental  Protection  will  be  the  letd 
agency  in  the  program  Currently,  Class  V  injection  wells  are  permitted  by  the  DEP,  and  Class  IV  wells  ae 
prohibited. 

Waste  Management  Facilities-The  solid  and  hazardous  waste  management  programs  are  administered  by  tte 
Department  of  Environmental  Protection. 

Solid  Waste-The  New  Jersey  Solid  Waste  Regulations  and  NJPDES  Regulations  state  that  all  disposal  site 
must  install  a  ground-water  monitoring  system.  Minimum  requirements  are  established  for  quarterly  ard 
annual  monitoring.  All  disposal  sites  must  receive  a  NJPDES  permit. 

Hazardous  Waste-New  Jersey  has  received  interim  status  authority  for  its  RCRA  Phase  I  program  and  s 
seeking  Phase  II  authority.  Ground-water  monitoring  requirements  are  included  in  the  NJPDES  regulations 
and  are  equivalent  to  40  CFR  265,  F. 

Sole  Source  Aqulfers-The  Buried  Valley  aquifer  in  Passaic  County  has  been  designated  as  «uch,  and  tht 
Coastal  Plain  aquifers  and  the  towns  of  Ridgewood  and  Upper  Rockaway  are  under  consider?  .*,ii  by  EPA. 

Geological  Surveys- 

New  Jersey  Geological  Survey 
Division  ol  Water  Resources 
Department  of  Envnoiii,,ental 
Protection 
PO.  Box  CN029 
Trenton,  NJ  08625 
609-292-2576 
State  Geologist: 

Mr  Frank  Markewicz 

References- 

New  Jersey  Water  Pollution  Control  Regulations  New  Jersey  Solid  and  Hazardous  Waste 

(N  J.A  C  .  Title  7,  Ch.  14,  Part  1)  Management  Regulations 

(N.J.A.C..  Title  7,  Ch  26) 

Contacts- 

Mr.  Haig  Kasabach  Mr  John  Trela 

New  Jersey  Geological  Survey  Bureau  of  Discharge  Permits 

Division  of  Water  Resources,  NJDEP  Division  of  Water  Resources 

PO  Box  CN029  NJDEP 

Trenton,  NJ  08625  PO  Box  CN029 

609-292-1185  Trenton,  NJ  08625 

609-292-0424 

Comments  provided  by  Mr.  Haig  Kasabach  in  a  tenet  received  March  1983 


Water  Resources  Division 
U  S  Geological  Survey 
Room  430,  Federal  Building 
402  E.  State  St. 

Trenton,  NJ  08608 
609-989-2162 
District  Chief: 

D.E  Vaupel 
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Subpart  A  -General 

§  1*11.1  A]i]i)tt  jliililjr. 

This  part  establishes  primary  dunking 
water  regulations  pursuant  to  section 
1412  of  the  Public  Health  Service  Act.  as 
amended  by  the  Safe  Drinking  Water 
Act  (Pub.  L.  93-523) ;  and  related  regula¬ 
tions  applicable  to  public  water  systems. 

§  111.2  Definition*. 

As  used  in  this  part,  the  term: 

(a)  "Act"  means  tne  Public  Health 
Service  Act,  as  amended  by  the  Safe 
Drinking  Water  Act,  Pub.  L  93-523. 

<b>  •Contaminant  '  means  any  physi¬ 
cal.  chemical,  biological,  or  radiological 
substance  or  matter  in  water. 

<c>  *  Maximum  contaminant  level” 
means  the  maximum  permissible  ’.r\d  ol 
a  contaminant  in  water  which  is  dr¬ 
ill  ered  to  the  free  flov  me  outlet  of  the 
ultimate  user  of  a  public  water  system, 
except  in  the  rase  of  tutl-idity  v.licie  the 
maximum  permissible  level  is  mcasuicd 
at  the  [o int  of  entry  to  the  distribution 
system.  Contaminants  added  to  the  water 
under  circumstances  controlled  by  the 
user,  except  those  resulting  from  corro¬ 
sion  of  piping  and  plumbing  caused  by 
water  quality,  are  excluded  fiom  this 
definition. 

<di  "Person"  means  an  individual, 
corporation,  company,  association,  part¬ 
nership.  State,  munrcif  airly,  or  Federal 
agency. 

<e)  "Public  water  system”  means  a 
system  for  the  provision  to  the  public 
of  piped  water  for  human  consumption, 
if  such  system  has  at  east  fifteen  service 
connections  or  regularly  serves  on  avrr* 
age  of  at  least  twenty-five  individuals 
dally  at  least  60  days  out  of  the  year 
Such  term  includes  111  any  collection, 
treatment,  storage,  and  disti  ibution  fa¬ 
cilities  under  control  of  the  opnator  of 
such  system  and  u-ed  primarily  in  con¬ 
nection  with  such  system,  and  (2>  any 
collection  or  pritre.Mmcnl  s  lor  are  facili¬ 
ties  not  under  such  control  which  arc 
mod  primarily  In  connection  with  such 
a-Uiii  A  public  water  system  is  c.ther 

Copy  available  to  DTIC  dosg  not 
peanit  hilly  legible  teproductioa 


a  ‘  community  water  system"  ci  a  “nc 
community  water  system  “ 

4 i »  ‘  Community  water  systirn"  nr cf 
a  public  water  system  whiih  < wives 
least  15  service  connections  us  t  by  yci 
round  residents  or  regularly  ■■  nc< 
leist  25  year-round  reside. its 

tii)  "Non-community  wat/.i  systc 
means  a  public  water  system  that  is  • 
a  conunurrity  w  ater  system. 

(1)  “Sanitary  survey"  means  an  < 
site  review  of  the  water  source,  fac 
ties,  equipment,  operation  and  main 
nance  of  a  public  water  system  for 
purpose  of  evaluating  the  adequacy 
such  source,  facilities,  equipment, 
eiation  and  maintenance  for  i  roduc 
and  distributing  rale  drinking  water 

(gi  "Standard  sample"  means 
aliquot  of  hnished  drinking  w*p.r  tha 
examined  for  the  presence  of  colifi 
b,.ctci  la. 

(hi  ’State"  means  the  .ygiiay  of 
Stale  government  which  has  juris 
lion  over  public  water  systems  Du 
any  pet  lod  w  hen  a  State  dov  not  1 
primary  enforcement  re  part'll 
pursuant  to  Section  1413  o'  hit  Act, 
term  “SLate"  rnrans  the  Re,  .rural 
niuustrator.  U.S.  Fr, vlionmrni.il  Prc 
lion  Agency. 

<i>  "Supplier  of  water"  means 
person  who  owns  or  operates  a  p. 
water  system. 

(j)  "Dose  equivalent"  means  the  | 
ucl  of  the  absorbed  dose  from  ion 
radiation  and  such  factors  as  accoun 
differences  in  biological  effec  tiv  (  ness 
to  the  ty  pe  of  radiation  and  in  rfut 
tion  in  the  body  as  v ■  <  c i fn  ri  by  thr 
tirnalional  CommpMun  on  II.  In  ft* 
Units  and  Mr.wutumnts  1 1 C  K  U  J 

(k)  "Rem"  means  the  unit  of 
equivalent  from  ionhing  radiation  t< 
total  body  or  any  internal  orrun  r.r  c 
system  A  "milltrcm  Imienif  is  1 
of  a  rem. 

(l)  "Picocurie  (pCi)"  means  that  e, 
lily  of  radioactive  manual  prodv 
2  22  nuclear  transformations  pi  r  trir 

(ml  "Gross  alpha  rarticlf  arti 
means  th?  tcilal  radioactiv  uy  du 
alpha  parricb  irm'*.t(>n  a*  ir.f-irid 
n.ca'ui e rr.t  ni s  on  a  dry  «  ui.ple 

(nl  "Man  mailt  let  a  l  article  and 
ton  emitters"  mi. ms  all  lafa.ncp 
emitting  beta  particles  and 'or  ph 
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ti'.trd  in  M.-inrnufT)  R,*,K 

llurdtnt  (t!i(|  M;tnim::n  1  *«  i  mi1  «■  iMt  ton 
(cntniimn  of  R  .•  ri  mnu(  1  »*1« ■*.  in  Air  nr 
Writer  for  Ore  up.*t ior.al  Fii'f^urr.  NllS 
JinridbcxiW  C9.  r»i  rpl  ihr  riiiuyhlri  |»f t »«l - 
ueU  of  thorium  232.  uranium  235  Mini 
uranium  23b. 

(o)  “Gross  beta  particle  activity** 
means  the  total  radioactivity  due  to  beta 
particle  emission  as  inferred  from  meas¬ 
urements  on  a  dry  sample. 

(41  FR  28402.  July  9.  19761 
{141.2  (p)-(l)  added  by  44  FR  G5641. 
November  29.  1979J 

(p)  “Ffalopen**  means  one  of  the  chem¬ 
ical  elements  chlorine,  bromine  or  iodine. 

(q) ‘  'Trihalomelha nc”  (THM)  means 
one  of  the  family  of  organic  compounds, 
named  as  derivatives  of  methane, 
wherein  three  of  the  four  hydrogen 
atoms  in  methane  are  each  substituted 
by  a  halogen  atom  in  the  molecular 
structure. 

(r)  "Total  trihalomethanes"  (TT1LM) 
means  the  rum  of  the  concentration  in 
milligrams  per  liter  of  the 
trihalomethanc  compounds 
(trichlororncthanc  [chloroform], 
dibromochloromelhane, 
bromodichlorome thane  and 
tribromomethane  [bromofoim]).  rounded 
to  two  significant  figures. 

(s)  "Maximum  Total  Trihalomelhane 
Potential  (KO  P)"  means  the  maximum 
concentration  of  total  trihalomethanes 
produced  in  n  given  water  containing  a 
disinfectant  residual  after  7  days  at  a 
temperature  of  25"  C  or  above. 

urn  isinfertanl"  means  any  oxidant, 
including  but  not  limited  to  chlorine, 
chlorine  dioxide,  chloramines,  and 
orone  added  to  w  ater  in  any  part  of  the 
treatment  or  distribution  ptoccss.  that  is 
intended  to  V.ill  or  inactivate  pathogenic 
microorganisms. 

§  141.2  CrvcrslIC. 

This  rnrt  shall  apply  to  each  public 
water  system,  unless  the  public  water 
s>strm  meets  all  of  the  following  condi¬ 
tions 

(a)  Corv-lsls  only  of  distribution  and 
•'..•ur  ge  facilities  (and  dots  not  have  any 
.•  ■'hetton  rnd  treatment  facilities' : 

(b>  Obtains  all  of  Its  waler  from,  but 
is  not  ovt  tied  or  rated  bs .  a  public  sea¬ 
ler  fjr.te-in  U>  which  such  regulations 
apply 

.<  i  l\.<  not  sell  water  to  any  per  so:'.; 
and 

rdi  Is  rint  a  carrier  r.hlrh  romr-: 
(i  v  rngtrs  In  Interstate  c.mmcice 

f.  1111  VM  r  i  •  M  r  r  *  :>  it  tl  f  .  f  nipt  ionv. 

V.’  -  i  -  r , ,  ( /,  or  t  >  c  rr, pikers  from  certain 
I'osr'lr.s  of  these  rr  fulatioris  may  be 
(  r .i n  1  r d  purr-.rant  to  f.r-'llans  1415  and 
me  d  the  Art  by  the  entity  with  rrl- 
-i  i r  >  (  r-.ft  re r  rr.t  r.l  rt  sparu.lbilil),  Erori- 
, , o : r *,  uritW  I'.irt  142.  Actional  J  Icrirn 

ItTiT.tir.ff  Water  c  c  i.  fc  t  lar.r 

/  r. ;  tc  e  r  n !  o  rt  'ritipart  h  (Variances) 


anil  r  ulipiii  l  1"  11  xt  mjitlriirs)  apply 

vlii  le  )  I’A  lias  julninfs  enforcement 
it  jinn  llilllly. 

£  Ml.fl  Silini;  I*  n»iir,  mm  nl». 

licfiii c  is  pcrsnir  rimy  enter  Into  u  fi - 
» i.incliil  <  (iiiiinttiiieirt  for  or  Initiate  con¬ 
struction  of  a  new  public  water  system 
or  liicicusc  Uic  enpaetty  of  an  existing 
public  water  system,  he  snail  notify  the 
State,  and.  to  Uic  extent  practicable, 
avoid  locating  pai  t  or  nil  of  the  new  or 
expanded  facility  nl  n  site  which: 

(s'  Is  subject  to  a  significant  rlA 
flora  earthquakes,  floods,  fires  or  other 
disasters  which  could  cause  a  breakdow  n 
of  the  public  water  system  or  a  poi  lion 
thci  oof ;  or 

4b)  Except  for  intake  structuies.  is 
within  flic  floodplain  of  a  100-ycar  flood 
or  is  lower  than  any  recorded  high  tide 
where  appropriate  iccords  exist. 

The  US.  Enviiomncntal  Protection 
Agency  will  not  seek  to  override  land  use 
decisions  affecting  public  water  systems 
siting  which  are  made  at  Lhe  State  or  lo¬ 
cal  government  levels. 

§  141.6  Effcclive  dales. 

|I41  6  revised  bv  44  FR  68641.  November  29. 
1979| 

(a)  Except  as  provided  in  paragraph 

(b)  of  this  section,  the  regulations  set 
forth  in  this  pari  shall  take  effect  on 
June  24,  1977. 

(b)  The  regulations  for  total 
trihalomethanes  set  forth  in  §  141  12(c) 
shall  take  effect  2  years  after  the  date  of 
promulgation  of  these  regulations  for 
community  water  systems  serving  75  000 
or  more  individuals,  and  4  years  after 
the  date  of  promulgation  for 
communities  serving  10, (XX)  to  74.999 
individuals. 

(c)  The  regulations  set  forth  In  141.11 

(a),  (c)  and  (d);  141.14(a)(1); 

141.14(b)(1)(c);  141.14(b)(2)(f);  141.14(d); 
141.21  (a),  (c)  end  (i);  141.22  (a)  and  (e); 
141.23  (a)(3)  end  (a)(4);  141.23(f): 
141.24(a)(3);  141  24  (e)  and  (f):  141.25(e); 
141  27(a);  141.28  (o)  and  fb);  14131  (a). 

(c) .  (d)  and  (c).  141.32(b)(3);  and 
141.32(d)  shall  take  effect  immediately 
upon  promulgation. 

(d)  The  regulations  set  forth  in  14141 
shall  take  effect  18  months  from  the  date 
of  promulgation.  Suppliers  must 
complete  the  first  round  of  sampling  nnd 
reporting  within  12  months  following  the 
effective  date. 

(e)  The  regulations  set  forth  In  141  42 
shall  take  effect  IS  months  from  the  date 
of  promulgation  All  requirements  in 
141  4  2  must  be  i  o  in  plot  (  d  within  12 
months  following  the  effect  is  c  date. 

(1416  (ci  te)  act rted  by  45  EH  57342. 
Aurusl  27 ,  1 990  ] 


1 1  Dt  ral  m  nut  at  it-:; 

Srbpart  0  —  F/i.iiimum  l.(4ri!.,''hlfi,ir.  i  *clv 

£  I  11.11  M  .n  I  nmm  nuili'itimiMi!  r»t1- 
Tnr  ini«r£nnit.  rltr  ntiml*. 

(a)  The  MCL  for  nilrntc  16  npplic  e 
to  both  community  water  systems  :  d 
non-community  waler  sy  stems  ext :  ‘.  bb 
provided  by  In  paragraph  (d).  The  hels 
for  the  other  organic  chemicals  app 
only  to  community  water  system*. 
Compliance  with  MCL»  for  inorgan; 
chemicals  !b  calculated  pursuant  tc 
S  141.23. 

|14].ll(a)  amended  by  45  FR  7342. 
August  27.  1980) 

(b)  The  following  are  the  ma  mum 
contaminant  Its  els  for  inoiganic  r.emi- 
ctls  other  than  fluoride: 

'.rich 
rr  1  ;  ■  c  rnt 


Contaminant  pi  tiler 

Arsenic  _ 0  05 

Barium  _  1. 

Cadmium  _ _ 0  010 

Chromium _  0  05 

Lcid  .  0  05 

Mercury  _ _ ... _  0  002 

Nitrate  <as  N) . 10 

St  le  n him  _ 0  01 

Silver .  0  05 


(c)  When  the  annual  average  d  the 
maximum  dally  atr  temperatures  ic  the 
location  In  t\hith  the  community  ster 
system  Is  situated  Is  the  followiiv,  the 
maximum  contaminant  levels  for  fiorlde 
arc: 


"J  •  r  |«  i  jli*ir  J  »  fV 

lhtHS4  t  »  \  !.«.  V  <  *.  1  -  111-  »r  *^-*1 
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14 

(c)  Fluoride  at  optimum  level  in 
drinking  water  has  been  shown  ti  bas  e 
beneficial  effects  in  reducing  the 
occurrence  of  tooth  decay. 

(141.11  (c)  amended  by  45  FR  >7342. 
August  27.  1980) 

(d)  At  the  discretion  of  the  Stale 
nilrale  levels  no!  to  exceed  20  mg  '  re-  y 
be  allowed  in  a  non-community  w.ic: 
syslem  if  the  supplier  of  water 
demonstrates  lo  the  satisfaction  of  he 
Stale  ihBt: 

(1)  Such  water  will  not  be  available  to 
children  under  6  months  of  age.  art'. 

(2)  There  will  be  continuous  posti-g  of 
the  fact  that  nitrate  levels  exceed  It 
ir.g/l  and  the  potential  health  effect  of 
exposure;  and 

(3)  Local  and  State  public  hcaltl 
authorities  will  be  notified  annuel  ■  of 
nitrate  levels  th at  exceed  10  mg l\  ;::d 

(4)  No  adverse-  health  effects  sh.  l 
result. 

|)4I  11  (d'addrd  bj  4  3  FR  57347  ’  m'uri 
27.  1 550) 
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{  14  1.12  k'.vvtm. urn  contaminant  ltir!i  lor 
'  organic  chemicals. 

[Ml  12  n  WM  d  bi  44  )  II  f.HOII  N..v.  n,l„  ,  2'< 
IH7H, 

The  following  arc  the  maximum 
contaminant  lev  els  for  organic 
chemicals.  The  maximum  contaminant 
levels  for  organic  chemicals  in 
^paragraphs  («J  and  (l>)  of  this  section  ^ 
nf  ply  1o  zrTT community  water  systems. 
Compliance  with  the  maximum 
contaminant  levels  in  paragraphs  (a) 
and  (b)  is  calculated  pursuant  to 
$  141.24.  Tire  maximum  comtaminant 
level  for  total  trihalomethanes  in 
(paragraph  (c)  of  this  section  applies  only 
lo  community  water  systems  which 
serve  a  population  of  10.030  or  mnre 
individuals  and  which  add  a 
disinfectant  (oxidant)  to  the  water  in 
any  part  of  the  drinking  water  treatment 
process.  Compliance  with  the  maximum 
contaminant  level  for  total 
trihalomethanes  is  calculated  pursuant 
lo  5  141.30 


l  r  r  n  ill  h  it  l*v  a  ii  n '  i  it  tit  v  ti  v  rr  hi  r  puri  nr*  nl 
to  !  141  r  xi  i‘i't  Hint  tut  or  fewer 

tnr\>1illt>  unit.  m.  iv  \>r  hIUiaiiI  It  tire 
,  U|,|i|li  r  (if  \>iil'  i  i  mi  ilrinoiwti.ilc  to  the 
tjlulr  Umt  tin-  lit.  tin  tiiiliUlllv  dorx  not 
elo  nnv  ut  Hie  fi'tlinv  Inc: 

<11  Intel  lire  with  disinfection: 

(2>  ricw  iil  lnrUnlrnnnrc  of  nil  eftec- 
llvc  clt.-.tnfietniit  nirent  Uirourtiout  Die 
distribution  system;  or 

(3)  Interfere  w  ith  microbiological 
cleternitniillims. 

(b)  rive  turbitllly  units  bused  on  an 
overripe  for  two  consecutive  days  pursu¬ 
ant  lo  {  141  22. 

§  141.11  f*M  nximiiin  nurrobioTugiral  con* 
’tuiiuitimt  Icvrtf^ 

The  maximum  contaminant  levels  lor 
collform  bacteria,  nppbcnble  to  com¬ 
munity  unlcr  systems  find  non-com¬ 
munity  water  systems,  are  as  follows: 

(a>  When  the  membrane  filter  tech¬ 
nique  pursunnt  to  §  141.21(a)  is  used, 
the  number  of  collform  bacteria  shall 
not  exceed  any  of  the  following: 

1141.14(a)(1)  revised  by  45  KR  57342. 
AucuM  27.  J ^B0) 


trie/. 
m  Uhl' rami 
pn  itivr 

(*)  CMorinaird  h\ drorarhom: 

I.i'drtn  ( J  2.3  4  10.  10  hrxarliloro 

f.T  epoxy  1.4.  4a  5.6.7.6.8a  ocia- 
hidro  1.4  rndo.  rndo  5  6  dimt-lh- 
a  no  naphthalene), 
l  indane  () .?  3  4.5.6  hr> achloror> • 

<  lt.i.f  i  arie.  ;  .i mrna  isomer ). 

Met  Km  '  <  hlor  (1.1.1  Ti»thloro2.  2- 
h iv  } j.  fiiithow  pill  nv)j  flhanH. 

T<  twpht-n*  iC„H,cCl,  T«*f  Virtual 

<  hlnnrtoted  <amp)tene.  67  6b  prr- 

4  f  fit  <  llldf  Iflf  I 


(  h )  Chlof  opl*«  non  x  v 

2  4  U.  (2  4  Dir  Mof  oj»hi  non  aretir 
arid) 

2  4.5  TP  S>K  rx  i2.4.o  Tnr hloro 
pht-nox  >  propionic  arid) 


0  0002 

O't  ffb 

W 

o.i 


(1)  One  per  100  milliliters  ns  the 
arithmetic  mean  of  all  samples 
examined  per  compliance  period 
pursuant  to  |  141.21(b)  or  (c).  except 
that,  at  the  primacy  Agency's  discretion 
systems  required  to  take  10  or  fewer 
samples  per  month  mBy  be  authorized  to 
exclude  one  positive  routine  cample  per 
month  from  the  monthly  calculation  if: 
/•«>  fPk(i)  as  approved  on  a  case  by  case  basis 
0*r°i>cl.  '^e  Slate  determines  and  indicates  in 
5  ' '-®  writing  to  the  public  water  system  that 
no  unreasonable  risk  lo  health  existed 
under  the  conditions  of  this 
modification.  This  determination  should 
/»»  the  based  upon  a  number  of  factors  not 
(,  0)u ®limiied  to  the  following  (A)  the  system 
/Dffh  provided  and  had  maintained  an  active 
disinfectant  residual  in  the  distribution 


(c)  Total  irihalomelhanes  (the  sum  of 
the  concentrations  of  brornodichloro- 
rnrlhanr.  dibromorhloromethanr.  In- 
brornrimethane  (bromoform)  arid  tri 
r hloromctha  ne  tr hlor oform)  0  )0  rn  r  1 

|  t  4  1  1  7 *  r  i  ad.tfd  to  11  rtf  CFr.11  'ini  r  rnber 

t-s  ts;9| 


§  141.13  M.  limum  con(arnm*nt  loci, 
for  I urhitlilj.  . 

Tbe  maximum  cont-a  mlnimt  Irvtlr.  foi 
turbidity  nrr  applicable  lo  bath  eormnu- 
fjUy  v.  nUr  josU:tv,  and  ru>n -c.  mmunlty 
v  atrr  using  f-urfi^e  v^ur 

In  vhnlc  o;  In  j  art  Tnr 
irr.jrn  r  on  lari’.  :n:in  t  /(- r  turl  uhty 

in  cirln).  lng  v.iU  r.  r:.»;»*.ur«d  at  fc  Mj:f 
x  >  n  I  .i  I  u  »  rr.  try  j»i>inl'*l  to  thf  tloWibv) 

\  t  -  >  n  v  \  v  t  f  j  f  i  ^  r  t 

<8i  O.nr  t  .rrbidi'.y  ur.lt  <  1  U ) .  as  rir- 


system,  (B)  the  potential  for 

I  contamination  rs  indicated  by  a 
sanitary  survey,  and  (C)  the  history  of 
the  water  quality  at  the  public  water 
system  (e  g  Mi  l.  or  monitoring 
violations),  ( 1 1 )  the  supplier  initiates  a 
i. he;  k  s-iirij  le  on  t  arri  of  two 
c on M’Liit iv  i  days  from  the  same 
sampling  point  within.  24  1  ns  after 
notification  that  the  routine  sample  is 
positive,  and  rath  of  t!  t  ..e  (heck 
Samples  is  m  j.  ali  v  i  a  lid  1 .  . )  thi  r  :  I  .  ukI 
positive  routine  fil'npli  IS  n  ;  .  n  and 
ret  cede  d  by  the  *  pin  r  |  .  :  s  ...*n!  to 
{  141  31(a)  rir.d  {  141  33(a)  The  S'  J  ;  her 
shall  1 1  p  1 1  to  the  fit  a  tC  1 1  X  (  .  ’  ■  ,  I 

w  ilh  t'  e  i  •  !  1  •  «•  i  pi  i  h*.  .1  it  th.  s 
pa- ay  |  v.  i  '  !  i  •  •  )  i  '  ' 1  r 

e  t’lM't  1  *  v  i  a  h  •  1  1  i  n  1-  r  *  .  1 ,  i  'hi 
j  ■ . ;  '  1  '  tii  t  ' '  ;  '  •  hi,''  1 '  i  ;  tie 


Sample  must  hr  r«nr,!\  u  .  :  •  c  *  rr;  1  ■  .re 
purpose*.  This  pros  is :o*  *  ;•  be  i  n  d 
onh  out  e  dimrg  two  con*  -tr  v  e 
comphuncc  pinodi 

(2)  Four  per  110  r r.h  'rrs  tr.  mor 
tlmn  one  sample  when  than  2D  nr 
examined  per  month;  o: 

13)  Four  per  100  mth'-IUms  in  inor 
than  five  percent  of  th- samples  vlic: 
20  or  more  ore  examiner  per  month 
(b)tl)  When  the  fern'  ntation  tub 
method  Rnd  10  mlllUlte:  tandard  por 
lions  pursuant  to  {  141  2(a)  are  u^ed 
collform  bacteria  shall  in'-  be  pretent  tr 
any  of  the  follouinc: 

( 1  4  1 . 1  4 (lilt  1  Mil  rei  hi-d  bv  la  l  H  .j  .  3  4 '2 
Aupuit  27.  1  HSU| 

(i)  More  than  10  pcrcen'  the 
portions  (lubes)  in  any  or  r : th 
pursuant  to  {  14121  (b)  c  r )  except 
that,  at  the  State's  discrct:  r..  sj  sti  m» 
required  to  take  10  or  few  z  samph  -  per 
month  may  be  euthiorized  e>  c  xclude  one 
positive  routine  cample  re  idling  in  one 
or  more  posib've  tubes  per  r.onth  from 
the  monthly  calculation  if  A)  as 
approved  on  a  cese  by-cas  1  asis  the 
State  determines  end  indiales  io 
w  riling  to  the  public  w  ate  >  slim,  ll.at 
no  unreasonable  risk  to  hr. ilh  existed 
under  the  conditions  of  thi 
modification.  This  determnclion  sbuuld 
be  based  upon  a  number  electors  not 
limited  to  the  following  (7  )  e  si  stem 
provided  and  had  maintain  d  an  achve 
disinfectant  residual  in  thi  Lslributicm 
system,  (2)  the  potential  fo: 
conlamir.alion  66  indicate.'  n  a 
sanitary  survey,  and  (.7)  th:  iistory  of 
tlie  vvaler  quality  at  the  puiu:  w  ater 
system  (e  g  MCL  or  moniloi.ng 
violations).  (B)  the  supplier  inhales  a 
check  sample  on  e  nch  of  twr 
ronsecutive  davB  from  the  s.r  ;  lung 
point  witliin  24  hours  after  lr'-.rication 
th  at  liie  routine  sample  is  po/uve,  arid 
each  of  these  clieck  sample,  s  negative: 
and  ( C)  the  original  positive  'cutine 
sample  is  reported  and  recoded  by  the 
supplier  pursuant  to  {  141.31a)  end 
{  141  33(b),  The  supplier  shnl  report  to 
the  State  its  compliance  w  it:  the 
< oneliticr.s  i;  ec.f-ed  in  this  :  graph 
.'•rid  r  r  port  the  a  1 1  ior.  1.  1 1  n  t  :  :.lvc 
tl  r  prior  pcsitu  c  i  ample  re  l  If  e 
positive  routine  sample  is  no  used  for 
the  monthly  calculation,  ar  nher  routine 
sample  must  be  analyzed  fo  —plu-nce 
p .. : poses  Tr  . .  [  ro  v  n  um  r  .  ’  "  i  *  i  d 

c  r. '  v  e  r. .  r  d-.o  ,r  g  I  w  o  c  c  r '  '  ir 

<  "mphance  pen.-ds. 

(tl  >  t>,r  r  e  <  :  rr .  r  c  p  : •  In  n  '  'e 
1 .  n  r  nr  •  i  -  :  r  r  t  r  r,  1*  •  •  n  1 1  ■ 

j  ! (  v  a  r  r  f  i  ;•  •  . •  i  . t  i  :  rr.  ■  : 

tint  t  •  rr  -r  ;  'tnr-  r 

f. .  r  J  !*■•',(,'  t  •  '  ’  i  1  : 

or  r  •  i  ■  ;  .  ■  *  i  ;  ;  r 

:■  ■  t.'i 

1 2 1  v.r  in  :  .  ;•  ■ 
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ENVIRONMENTAL  PROTECTION 
AGENCY 

fFRL  1 623—3] 

Water  Ouallty  Criteria  Documents; 
Availability 

age  ncy:  Environmental  Protection 
Agency. 

action:  Notice  of  Water  Quality  Criteria 
Document*. 

summary:  EPA  announce*  the 
availability  and  provides  summaries  of 
water  quality  criteria  documents  for  64 
toxic  pollutants  or  pollutant  categories. 
These  criteria  are  published  pursuant  to 
section  304(a)(1)  of  the  Clean  Water  Act 
AVAILABILITY  OS  DOCUMENTS: 

Summaries  of  both  aquatic-based  and 
health-baaed  criteria  from  the 
documents  are  published  below.  Copies 
of  the  complete  documents  for 
individual  pollutants  may  be  obtained 
from  the  National  Technical  Information 
Service  (NT1S).  5285  Port  Royal  Road 
Springfield  VA  22181.  (703-J87-46SO).  A 
list  of  the  NT1S  publication  order 
numbers  for  all  84  criteria  documents  is 
published  below.  These  documents  are 
also  available  for  public  inspection  and 
copying  during  normal  business  hours 
at  Public  Information  Reference  Unit 
U.S.  Environmental  Protection  Agency. 
Room  2*H  (rear).  401  M  St,  S.W, 
Washington.  D  C.  20460.  As  provided  in 
40  CFR  Pan  2.  a  reasonable  fee  may  be 
charged  for  copying  services.  Copies  of 
:nese  documents  are  also  available  for 
review  in  the  EPA  Regional  Office 

libraries.  .  . .  — 

£  uupl3Pm  uie'  documen  ts  are  noC'.7'H? 
■trail  ahJejroTi 

beiow. "Requests  sent  to  that  office  will 
be  forwarded  to  NT1S  or  returned  to  the 
sender. 

1.  Acenaphthene,  PB81-117289. 

2.  Acrolein.  PB81-117277. 

3.  Acrylonitrile.  PB81-117285. 

4.  AJdrin/Dieldrin.  PE81-117301. 

5.  Antimony.  FB31-117319. 

8.  Arsemc.  PB81-117327. 

7.  Asbestos.  PB81-117335. 

8.  Benzene.  P381-117293. 

9.  3er.z:a:ne.  PE81-117343. 

10.  Beryllium.  PB81-117350. 

11.  Cadmium.  P381-117388. 

12.  Carton  Tetrachloride.  PB81- 
117378. 

13.  Chlordane.  PB81-117384. 

14.  Chlortr.ated  benzenes.  PB81- 
117392. 

15.  Chlorinated  ethanes.  PB81-117400. 

16.  Chloroalkyl  ethers.  PS81-11741S. 

17.  Chlorinated  naphthalene.  PB81- 
117426. 

18.  Cklcr-mated  phenols.  PS21-117434. 

19  Chlcrofcra.  PE81-117442. 

20  2-chicropner.o!.  rE31-U7459. 


21.  Chromium.  PB81-117467. 

22.  Copper.  PB81  -117475. 

23.  Cyanides.  PB81-117483. 

24.  DDT.  PB81-117491. 

25.  Dichlorobe.nzenes.  P301-117509. 

28.  Dichlorobenzidine.  PB81-117517. 

27.  Dichloroethylenes.  PB81-117525. 

28.  2.4-dlchlorophenol.  PB81-117533. 

29.  Dichloropropanes/propenes.  PB81- 
117541.  ’ 

30.  2.4-dimethylphenol,  PB81-117558. 

31.  Dinitrotoluene,  PB81-117586. 

32.  Diphenylhydrazine.  PB81-117731. 

33.  Endosulfan.  PB81-117574. 

34.  Endrin.  PBS1-117SB2. 

35.  Ethylbenzene.  PB81-11759a 

36.  Fluoranthene.  PB81-117608. 

37.  Haloethers.  PB81-117616. 

38.  HaJomethanes.  PB81-1176Z4. 

39.  Heptachlor.  PB81-117832. 

40.  Hexachlorobutadiene.  PB81- 
117540. 

41.  Hexachlorocyclohexane.  PB81- 
117657. 

42.  Hexachlorocyclopentadiene.  PB81- 
117665. 

43.  Isophorone.  PB81-117673. 

44.  Lead  PB81-117681. 

45.  MercUry.  PB81-1 17699. 

48.  Naphthalene.  PB81-117707. 

47.  Nickel.  PB81-117715. 

48.  Nitrobenzene.  PB81-1 17723. 

49.  Nitrophenols.  PB81-117749. 

50.  Nitrosamines.  PB81-117758. 

51.  Pentachlorophenol.  PB81-117764. 

52.  Phenol.  PB81-117772. 

51  Phthslate  esters.  PB81-117780. 

54.  Polychlorinated  biphenyls  (PCBa). 
PB81-1 17798. 

55.  Polynuclear  aromatic 
hydrocarbons.  PB81-117BC6. 

56.  Selenium.  PB81-1 17814. 

57.  Silver.  PB81-117822. 

58.  Tetrachloroethylene.  PB81-117830. 

59.  Thallium.  PB81-117B48. 

60.  Toluene,  PB81-117B53. 

61  Toxaphene.  PB81-117863. 

62.  Trichloroethylene.  PB81-117871 

83.  Vinyl  chloride.  PB81-117889. 

84.  Zinc,  PB81-117897. 

FOR  FURTHER  INFORMATION  CONTACT: 

Dr.  Frank  Gostomski.  Criteria  and 
Standards  Division  (WH-585).  United 
States  Environmental  Protection 

supplementary  information: 
Background 

Pursuant  to  section  304(a)(1)  of  the 
Clean  Water  Act.  33  U.S  C.  1314(a)(1). 

EPA  is  required  to  periodically  review 
and  publish  criteria  for  water  quality 
accurately  reflecting  the  latest  scientific 
knowledge: 

(A!  on  the  kind  and  extent  of  all 
identifiable  •ifects  on  health  and  welfare 
including  but  col  limned  to.  plankton,  fish. 


shellfish.  wildlife,  pleat  life,  ahcraiise. 
beaches,  esthetics,  and  recreation  w  •  r.  may 
be  expected  from  the  presence  of  pc  .  «nta 
tn  any  body  of  water.  Including  grocr. eier. 
(B)  on  the  concentration  and  dupersi  i  f 
pollutants,  or  their  byproducts.  Lhrojr 
biotogical.  physical,  and  chemical  prersses. 
and  (C)  od  the  effects  ol  pollutants  or 
biological  community  diversity,  proci’-uiy. 
and  stability.  Including  information  or  -e 
factors  affecting  rates  of  eutrophicatir  and 
rslea  of  organic  and  Inorganic  sedimcration 
for  varying  types  of  receiving  waters. 

EPA  is  today  announcing  the 
availability  of  criteria  documents  or  64 
of  the  65  pollutants  designated  as  oxic 
under  section  307(a)(1)  of  the  Act. “he 
document  on  TCDD  (Dioxin)  will  b 
published  within  the  next  month  ater 
review  of  recent  studies.  Criteria  fc  the 
section  307(a)(1)  toxic  pollutants  bung 
published  today  will  replace  the  ci’.eris 
for  those  same  pollutants  found  in  be 
EPA  publication.  Quality  Criteria  nr 
Water,  (the  “Red  Book-”)  Criteria  re  ail 
other  pollutants  and  water  constitu-nts 
found  in  the  “Red  Book”  remain  vaii 
The  criteria  published  today  have  ben 
derived  using  revised  methodologie  for 
determining  pollutant  concentration 
that  will  when  not  exceeded, 
reasonably  protect  human  health  atd 
aquatic  life.  Draft  criteria  document 
were  made  available  for  public 
comment  (44  FR  15926.  March  15.  lSU 
44  FR  43660.  July  25. 1979.  44  FR  5683. 
October  1. 1979).  These  final  criten: 
have  been  derived  after  considerate  of 
all  comments  received. 

These  criteria  documents  are  also 
issued  in  satisfaction  of  the  Settlement 
Agreement  in  Natural  Resources 
Defense  Council,  et  al.  v.  Train.  8  E-!  C. 
2120  (1976).  modified.  12  E.R.C.  1833 
(D.D  C.  1979).  Pursuant  to  paragraph’.! 
of  that  agreement.  EPA  is  required  tc 
publish  criteria  documents  for  the  65 
pollutants  which  Congress,  in  the  1~ 
amendments  to  the  Act.  designated  a. 
toxic  under  section  307(a)(1).  These 
documents  contain  recommended 
maximum  permissible  pollutant 
concentrations  consistent  with  the 
protection  of  aquatic  organisms.  hurr..n 
health,  and  some  recreational  activity. 
Although  paragraph  11  imposes  certcn 
Jsoligations  on  the  Agency,  it  does  nc 
•xreale  additional  authority. 

The  Development  of  W’ater  Quality 
Criteria 

Section  304(a)(1)  criteria  contain  tv 
essential  types  of  information:  (!) 
discussions  of  available  scientific  do  . 
on  the  effects  of  pollutants  on  public 
health  and  welfare,  aquatic  life  ar.d 
recreation,  ar.d  (2)  quantitative 
concentrations  or  qualitative 
assessments  of  the  pollutants  n  wai. 
which  will  generally  ensure  waur 
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qualit)  adequate  to  support  a  specified 
water  use.  Under  section  304(a)(1).  these 
criteria  are  based  solely  on  data  end 
scientific  judgments  on  the  relationship 
between  pollutant  concentrations  and 
environmental  and  human  health 
effects.  Criteria  values  do  not  reflect 
considerations  of  economic  or 
lechnolocical  feasibility. 

Publication  of  water  quality  criteria  of 
this  type  has  been  an  ongoing  process 
which  EPA.  and  its  predecessor  Agency, 
the  Federal-Water  Pollution  Control 
Administration,  have  been  engaged  in 
since  1968.  At  that  time  the  fust  Federal 
compilation  of  water  quality  criteria,  the 
so-called  "Green  Book"  [Water  Quality 
Criteria),  was  published.  As  now.  these 
criteria  contained  both  narrative 
discussions  of  the  environmental  effects 
cf  pollutants  on  a  range  of  possible  uses 
and  concentrations  of  pollutants 
neoessarylo  support  these  uses.  Since 
that  time,  water  quality  criteria  have 
been  revised  and  expanded  wiih 
publication  of  the  “Blue  Book"  f Water 
Quality  Criteria  1972)  in  1973  and  the 
1  Red  Book"  (Quality  Criteria  for  Water) 
m  1978. 

Since  publication  of  the  Red  Book 
there  have  been  substantial  changes  in 
EPA’s  approach  to  assessing  scientific 
data  and  deriving  section  304(a)(1) 
criteria.  Previous  criteria  were  derived 
from  a  limited  data  base.  For  many 
pollutants,  an  aquatic  life  criterion  was 
derived  by  multiplying  the  lowest 
concentration  known  to  have  acute 
lethal  effect  on  half  of  a  test  group  of  an 
aquatic  species  (the  LC50  value)  by  an 
application  factor  in  order  to  protect 
against  chronic  effects.  If  data  showed  a 
substance  to  be  bioaccumulative  or  to 
have  other  significant  long-term  effects, 
a  factor  was  used  to  reduce  the 
indicated  concentrations  to  a  level 
presumed  to  be  protective.  Criteria  for 
the  protection  of  human  health  were 
similarly  derived  by  considering  the 
pollutants'  acute,  chronic,  and 
bioaccumulative  effects  on  non-human 
mammals  and  humans. 

•Although  a  continuation  of  the 
process  of  criteria  development,  the 
criteria  published  today  were  derived 
using  revised  methodologies 
(Guidelines)  for  calculating  the  impact 
of  pollutants  on  human  health  and 
aquatic  organisms.  These  Guidelines 
consist  ol  systematic  methods  for 
assessing  valid  and  appropriate  data 
concerning  acute  and  chrcr.ic  adverse 
effects  of  pollutants  on  aquatic 
organisms  r.cn-humar.  mammals,  and 
humans  E)  use  of  these  data  in 
prescribed  wajs.  criteria  ere  formulated 
to  protect  aquatic  life  and  human  health 
fro-,  oposurc  to  the  pollutants.  For 


some  pollutants,  bioconcentration 
properties  are  used  to  formulate  criteria 
protective  cf  aquatic  life  uses.  For 
almost  all  of  the  pollutants, 
bioconcentration  properties  are  used  to 
asaess  the  relative  extent  of  human 
exposure  to  the  pollutant  either  directly 
through  ingestion  of  water  or  indirectly 
through  consumption  of  aquatic 
organisms.  Human  health  criteria  for 
carcinogens  are  presented  as 
incremental  risks  to  man  associated 
with  specific  concentration*  of  the 
pollutant  in  ambient  water.  The 
Guidelines  used  to  derive  criteria 
protective  of  aquatic  life  and  human 
health  ere  fully  described  in  appendices 
B  and  C.  respectively,  of  this  Notice. 

The  Agency  believes  that  these 
Guidelines  provide  criteria  which  more 
accurately  reflect  the  effect*  of  these 
pollutants  on  human  health  and  on 
aquatic  organisms  and  their  uses.  They 
are  based  on  a  more  rational  and 
consistent  approach  for  using  scientific 
data.  These  Guidelines  were  developed 
by  EPA  scientists  in  consultation  with 
scientists  from  outside  the  Agency  and 
they  have  been  subjected  to  intensive 
public  comment. 

Neither  the  Guidelines  nor  the  criteria 
are  considered  InfiexibV  doctrine.  Even 
at  this  time.  EPA  is  taking  action  to 
employ  the  resources  of  peer  review 
groups,  including  the  Science  Advisory 
Board,  to  evaluate  recently  published 
data,  and  EPA  is  conducting  its  own 
evaluation  of  new  data  to  determine 
whether  revisions  to  the  criteria 
documents  would  be  warranted. 

The  criteria  published  today  are 
based  solely  on  the  effect  of  a  single 
pollutant.  How-ever,  pollutants  in 
combination  may  have  different  effects 
because  of  synergistic,  additive,  or 
antagonistic  properties.  It  is  impossible 
in  these  documents  to  quantify  the 
combined  effects  of  these  pollutants, 
and  persons  using  criteria  should  be 
aware  that  site-specific  analysis  of 
actual  combinations  of  pollutants  may 
be  necessary  to  give  more  precise 
indications  of  the  actual  environmental 
impacts  of  a  discharge. 

Relationship  of  the  Section  304(a)(4) 
Criteria  to  Regulatory  Programs 

Section  304(a)(1)  criteria  are  not  rulea 
and  they  have  no  regulatory  inpeeb 
Rather,  these  criteria  present  scientific 
data  and  guidance  on  the  enviromenta) 
effect  of  pollutants  which  can  be  useful 
to  derive  regulatory  requ.rements  based 
on  considerations  cf  water  quality 
impacts  Under  the  Clean  Water  Act. 
these  regulatory  requirements  may 
include  the  promulgation,  or  water 
cuaiity-besed  effluent  limitations  under 
section  302  water  cuaiity  standards 


under  section  303  or  to\.c  r  .:  J  — nt 
effluent  standards  under  sc  t  en  227. 
States  are  encouraged  to  fct.r.  to 
modify  or.  if  necessary,  dev. op  r.cw 
program*  necessary  to  sup'.ri  the 
implementation  of  regulate’  controls 
for  toxic  pollutants.  As  appppriatv. 
States  may  incorporate  entna  for  toxic 
pollutants,  based  on  this  gjcance.  into 
their  water  quality  standard 

Section  304(a)(1)  criteria  ;ave  been 
most  closely  associated  wir.  the 
development  of  Slate  w ate  quality 
standards,  and  the  “Red  Bo*~  values 
have,  in  the  past,  been  the  istis  for 
EPA'a  assessments  of  the  iiecuacy  of 
State  requirements.  Hoive.  r,  EPA  is 
now  completing  a  major  re-.rw  of  its 
water  quality  standards  pq.uies  and 
regulations.  After  coesidemon  of 
comments  received  on  an  ,-dvance 
Notice  of  Proposed  Rulerr.^.mg  (43  FR 
29588.  July  10. 1978)  and  th  draft 
criteria  documents,  the  Apr.cy  intends 
to  propose,  by  the  end  of  luj  year,  a 
revised  w-ater  quality  stamards 
regulation  which  will  clari'-  Lie 
Agency's  position  on  a  ounoer  of 
significant  standards  issue. 

With  the  publication  of  tiese  criteria, 
however,  it  is  appropriate  o  discuss 
EPA’s  current  thinking  on  sar-dards 
issues  relating  to  their  use  This 
discussion  does  not  estabiih  new 
.  regulatory  requirement!  am  is  intended 
as  guidance  on  the  poss.bi  uses  of 
these  criteria  and  an  indicmon  of  future 
rulemaking  the  Agency  mr  undertake. 
No  substantive  requirement  will  be 
established  without  furlhc  opportunity 
for  public  comment 

Water  Quality  Standards 

.  Section  303  of  the  Clear  Water  Act 
provides  that  water  qualir  standards  be 
developed  for  all  surface  vaters.  A 
water  quality  standard  cotsists 
basically  of  two  parts:  (1)  \  "designated 
use"  for  which  the  water  tody  is  to  be 
protected  (such  as  "agricutural." 
"recreation”  or  "fish  and  vilchfe").  anc 
(2)  "criteria"  which  are  numerical 
pollutant  concentration  lmits  or 
narrative  statements  nece  stry  to 
preserve  or  achieve  the  ctv.gnated  use. 

A  water  quality  standard  *  developed 
through  State  or  Federal  riiemaking 
proceedings  and  must  be  ranslated  into 
enforceable  effluent  limiti-iens  in  a 
point  source  (NPDES)  perm:  o:  may 
form  the  basis  of  best  mcMgctr.f r.t 
practices  applicable  to  r.mpc.r.t  source? 
under  section  2C3  of  the 

Relationship  of  Section  3 
Criterio  to  the  Cnteno  Ct.~par.eri  c' 
Stole  Water  Quality  Starter:; 

In  the  ANPRM  EPA  sr.tcurc ti  a 
policy  of  "presurr.pin  e  t: :. b  Vy "  !: : 
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section  304(a)(1)  criteria  codified  in  the 
"Red  Book."  Presumptive  applicability 
meant  that  a  State  had  to  adopt  a 
criterion  for  a  particular  water  quality 
parameter  at  least  as  stringent  as  tha 
recommendation  in  the  Red  Book  unless 
the  State  was  able  to  justify  a  less 
stringent  criterion  based  on:  natural  - 
background  conditions,  more  recent 
scientific  evidence,  or  local  site-specific 
information.  EPA  is  rescinding  the 
policy  of  presumptive  applicability 
because  it  has  proven  to  be  too 
Inf-xible  in  actual  practice. 

Although  the  eection  304(a)(1)  criteria 
represent  a  reasonable  estimate  of 
pollutant  concentrations  consistent  with 
the  maintenance  of  designated  water 
uses.  States’may  appropriately  modify 
these  values  to  reflect  local  conditions. 
In  certain  circumstances,  the  criteria 
may  not  accurately  reflect  the  toxicity  of 
a  pollutant  because  of  the  effect  of  local 
water  quality  characteristics  or  varying 
sensitivities  of  local  populations.  For. 
example,  in  some  cases,  ecosystem 
adaptation  may  enable  a  viable, 
balanced  aquatic  population  to  exist  in 
waters  with  high  natural  background 
levels  of  certain  pollutants.  Similarly, 
certain  compounds  may  be  more  or  less 
toxic  in  some  waters  because  of 
differences  in  alkalinity,  temperature, 
hardness,  and  other  factors. 

Methods  for  adjusting  the  section 
304(a)(1)  criteria  to  reflect  these  local 
differences  are  discussed  below. 

Relationship  of  Section  30-t(a)(ll 
Catena  to  Designated  Water  Uses: 

The  criteria  published  today  can  be 
used  to  support  the  designated  uses 
which  are  generally  found  in  State 
standards.  The  following  section 
discusses  the  relationship  between  the 
criteria  and  individual  use 
classifications.  Where  a  water  body  i* 
designated  for  more  than  one  use. 
criteria  necessary  to  protect  the  most 
sensitive  use  should  be  applied. 

1  Recreation:  Recreational  uses  of 
water  include  such  activities  as 
swimming,  wading,  boating  and  fishing. 
Although  insufficient  data  exist  on  the 
effects  of  toxic  pollutants  resulting  from 
exposure  through  such  primary  contact 
as  swimming,  section  304(a)(1)  criteria 
based  on  human  health  effects  may  be 
u'ed  to  support  this  designated  use 
where  fishing  is  included  in  the  Stale 
definition  of  ’recreation."  In  '.his 
situation  cr.iy  the  portion  of  the  criterion 
based  o.i  fish  consumption  should  be 
used. 

2  Protection  cr.d  Proportion  of  F.sh 

era  Other  Acuctx  Life:  The  section 
3041a,. ij  criteria  based  on  toxicttv  to 
ecu.  -.-••••  be  usee  d  reefy  to 

s up;  cr :  in  s  ces  traitc  ,se 


3.  Agriculturist  and  Industrial  Uses: 
The  section  304(a)(1)  criteria  were  not 
specifically  developed  to  refect  the 
Impact  of  pollutants  on  agricultural  and 
Industrial  uses.  However,  the  criteria 
developed  for  human  health  and  aquatic 
life  are  sufficiently  stringent  to  protect 
these  other  uses.  States  may  establish 
criteria  specifically  designed  to  protect 
these  uses. 

4.  Public  Water  Supply:  The  drinking 
water  exposure  component  of  the 
human  health  effects  criteria  can  apply 
directly  to  this  use  classification  or  may 
be  appropriately  modified  depending  • 
upon  whether  the  specific  water  supply 
system  falls  within  the  auspices  of  the 
Safe  Drinking  Water  Act's  (SDWA) 
regulatory  control  and  the  type  and 
level  of  treatment  imposed  upon  the 
supply  before  delivery  to  the  consumer. 
The  SDWA  controls  the  presence  of 
toxic  pollutants  in  finished  ("end-of- 
tap")  drinking  water.  A  brief  description 
of  relevant  sections  of  this  Act  is 
necessary  to  explain  how  the  SDWA 
will  work  in  conjunction  with  section 
304(a)(1)  criteria  in  protecting  human 
heahh  from  the  effects  of  toxica  due  to 
consumption  of  water. 

Pursuant  to  section  1412  of  the  SDWA. 
EPA  has  promulgated  “National  Interim 
Primary  Drinking  Water  Standard*"  for 
certain  organic  and  inorganic 
substances.  These  standards  establish 
"maximum  contaminant  levels" 
("MCLs")  which  specify  the  maximum 
permissible  level  of  a  contaminant  in 
water  which  may  be  delivered  to  a  user 
of  a  public  water  system  now  defined  as 
serving  a  minimum  of  25  people.  MCLs 
are  established  based  on  consideration 
of  a  range  of  factors  including  not  only 
the  health  effects  of  the  contaminants 
but  also  technological  and  economic 
feasibility  of  the  contaminants’  removal 
from  the  supply.  EPA  is  required  to 
establish  revised  primary  drinking  water 
regulations  based  on  the  effects  of  a 
contaminant  on  human  health,  and 
include  treatment  capability,  monitoring 
availability,  and  costs.  Under  Section 
1401(l)(D)(i)  of  the  SDWA.  EPA  is  also 
allowed  to  establish  the  minimum 
quality  criteria  for  water  which  may  be 
taken  into  a  public  water  supply  system. 

Section  304(a)(1)  criteria  provide 
estimates  of  pollutant  concentrations 
protective  of  human  health,  but  do  not 
consider  treatment  technology,  costs 
and  other  feasibility  factors.  The  section 
304(a)(1)  criteria  also  include  fish 
bioaccumulation  and  consumption 
factors  in  addition  to  direct  human 
drinking  water  intake.  These  numbers 
were  not  developed  to  serve  as  ’’end  cf 
tap  ’  drinking  water  standards,  and  they 
have  r.o  regulatory  significance  under 


the  SDWA.  Drinking  water  standees 
are  established  based  on  consider  tons, 
including  technological  and  ecor.c-.ic 
feasibility,  not  relevant  to  section 
304(a)(1)  criteria.  Section  304(a)(l 
criteria  may  be  analogous  to  the 
recommended  maximum  contamnant 
levels  (RMCLs)  under  section 
1412(b)(1)(B)  of  the  SDWA  in  whih- 
based  upon  a  report  from  the  Natonal 
Academy  of  Sciences,  the  Adminitrator 
should  set  target  levels  for  contamnants 
In  drinking  water  at  which  “no  kiown  or 
anticipated  adverse  effects  occurond 
which  allows  an  adequate  margitof 
safety".  RMCLs  do  not  take  treatcent. 
cost,  and  other  feasibility  factor;  nto 
consideration.  Section  304(a)(1)  mteria 
are.  in  concept,  related  to  the  he-lth- 
based  goals  specified  in  the  RMCLs. 
Specific  mandates  of  the  SDWA'.uch  as 
the  consideration  of  multi-medic 
exposure,  as  well  as  different  nvihods 
for  setting  maximum  contaminait  levels 
under  the  two  Acts,  may  result  n 
differences  between  the  two  nunbers. 

MCLs  of  the  SDWA.  where  th  v  exist, 
control  toxic  chemicals  in  finish'd 
drinking  water.  However,  becaue  of 
variations  in  treatment  and  the  act  that 
only  a  relatively  small  number  d  MCLs 
have  been  developed,  ambient  vater 
criteria  may  be  used  by  the  Staes  as  a 
supplement  to  SDWA  regulaticts.  States 
will  have  the  option  of  applying  MCLs. 
section  304(a)(1)  human  health  .fleets 
criteria,  modified  section  304(a)'.) 
criteria  or  controls  more  stringtr.t  than 
these  three  to  protect  against  tie  effects 
of  toxic  pollutants  by  ingestioriroci 
drinking  water. 

For  untreated  drinking  wate- supplies. 
States  may  control  toxics  in  thi  ambient 
water  through  either  use  of  MCa  (if 
they  exist  for  the  pollutants  of  concern), 
section  304(a)(1)  human  healti  effects 
criteria,  or  a  more  strigent  conaminant 
level  than  the  former  two  optima. 

For  treated  drinking  water  sipplies 
serving  less  than  25  people.  Stiles  may 
choose  toxics  control  through 
application  of  MCLs  (if  they  t  is*,  for  the 
pollutants  of  concern  and  are  attainable 
by  the  type  of  treatment)  in  th*  finished 
drinking  water.  States  also  hr  e  the 
options  to  control  toxics  In  th'  ambient 
water  by  choosing  section  3C-ia)(l  ) 
criteria,  adjusted  section  304  ij(l) 
criteria  resulting  from  the  reniction  of 
the  direct  drinking  water  extvsure 
component  in  the  criteria  ca.i-iaiior.  :o 
the  extent  that  the  tTeatmer.’  r  roc  e  dure 
reduces  the  level  o;  poilutar. .  c:  a  mere 
stringent  contaminant  level  ::ar.  the 
former  three  options. 

For  treated  cr.nkir.g  wate-  replies 
serving  25  people  or  greater  rtates  must 
ccr.trcl  toxics  down  to  leve..  at  (east  as 
stringent  as  MCLs  ;w here  :•  i'  ::: 


Copy  available  to  DTT.C  ^.aes  not 
permit  fully  legible  reproduction 
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Ihe  pollutants  of  concern)  in  the  finished 
drinking  water.  However.  States  also 
have  the  options  to  control  toxics  in  the 
ambient  water  by  choosing  section 
304(a)(1)  criteria,  adjusted  section 
304(a)(1)  criteria  resulting  from  the 
reduction  of  the  direct  drinking  water 
exposure  component  in  the  criteria 
calculation  to  the  extent  that  the 
treatment  process  reduces  the  level  of 
pollutants,  or  a  more  stringent 
contaminant  level  than  the  former  three 
options. 

Inclusion  cf  Specific  Pollutants  in  State 
Stcnaards: 

To  cate,  EPA  has  not  required  that  a 
State  address  any  specific  pollutant  in 
its  sfencards.  Although  all  States  have 
established  standards  fer  most 
conventional  pollutants,  the  treatment  of 
toxic  pollutants  has  been  much  less 
extensive.  In  the  ANPRM.  EPA 
suggested  a  policy  under  which  States 
would  be  required  to  address  a  set  of 
pollutants  end  incorporate  specific  toxic 
pollutant  criteria  into  water  quality 
standards,  if  the  State  failed  to 
incorporate  these  criteria.  EPA  would 
promulgate  the  standards  based  upon 
these  criteria  pursuant  to  section 
303(c)(4)(B). 

In  the  forthcoming  proposed  revision 
to  the  water  quality  standard 
regulations,  a  significant  change  in 
policy  will  be  proposed  relating  to  the 
incorporation  of  certain  pollutants  in 
State  water  quality  standards.  This 
proposal  will  differ  from  the  proposal 
made  in  the  ANPRM.  The  ANPRM 
proposed  an  EPA-published  list  of 
pollutants  for  which  States  would  have 
had  to  develop  water  quality  standards. 
This  list  might  have  contained  some  (or 
sill  of  the  65  toxic  pollutants.  However, 
the  revised  water  quality  standards 
'  regulation  will  propose  a  process  by 
which  EPA  will  essist  States  in 
identifying  specific  toxic  pollutants 
required  for  assessment  for  possible 
inclusion  in  State  water  quality 
standards  For  these  pollutants.  States 
will  have  the  option  of  adopting  the 
published  cri'er.a  or  of  adjusting  those 
erttena  ta*ed  on  site-specific  enalysis. 

These  pollutants  wocld  generally 
represent  the  greatest  threat  to 
sustaining  a  healthy,  balanced 
ecosystem  tn  water  bodies  or  to  human 
health  due  to  exposure  dtrectiy  or 
^ir.directiv  frorc  water.  EPA  is  currently 
or velop’.r.s  a  process  to  determine 
which  pollutants  •  State  must  assess  for. 
possible  inclusion  in  its  water  quality 
sier.dards  Relevant  factors  might 
include  the  tcxicitv  of  the  pollutant,  the 
frtquencv  ar.d  concentration  of  its 
oscherge.  ns  eeorraphicel  distribution, 
tie  breaotr,  cf  data  underlying  tne 


scientific  assessment  of  its  aquatic  life 
and  human  health  effects,  and  the 
technological  and  economic  capacity  to 
control  the  discharge  of  the  pollutant. 
For  acme  of  the  pollutants,  all  States 
may  be  required  to  assess  them  for 
possible  inclusion  in  their  standards.  For 
others,  assessment  would  be  restricted 
to  States  or  limited  to  specific  water 
bodies  where  the  pollutants  pose  a 
particular  site-specific  problem. 

Criteria  Modification  Process 

Flexibility  is  available  in  the 
application  of  these  and  any  other  valid 
water  quality  criteria  to  regulatory 
programs.  Although  la  seme  caaes  they 
may  be  used  by  the  Slates  as  developed, 
the  criteria  may  be  modified  to  refect 
local  environmental  conditions  BDd 
human  exposure  patterns  before 
incorporation  iDto  programs  such  as 
Water  quality  standards.  If  significant 
Impacts  cf  site-specific  water  quality 
conditions  in  the  toxicities  of  pollutants 
can  be  demonstrated  or  significantly 
different  exposure  patterns  of  these 
pollutants  to  humans  can  be  shown, 
section  304(a)(1)  criteria  may  be 
tnodined  to  reflect  these  local 
conditions.  The  term  "local"  may  refer 
to  any  appropriate  geographic  area 
where  common  aquatic  environmental 
conditions  or  exposure  patterns  exist. 
Thus,  "local"  may  signify  a  Statewide, 
regional,  river  reach,  or  entire  river 
basic  area.  Oa  the  other  hand,  the 
criteria  of  some  pollutants  might  be 
applicable  nationwide  without  the  need 
for  adaptation  to  reflect  local 
conditions.  The  degree  of  toxicity 
toward  aquatic  organisms  ar.d  humans 
characteristic  of  these  pollutants  would 
not  change  significantly  due  to  local 
water  quality  condition*. 

EPA  is  examining  a  series  of 
environmental  factors  or  water  quality 
parameters  which  might  realistically  be 
expected  to  affect  the  laboratory* 
derived  water  quality  criterion 
recommendation  for  a  specific  pollutant. 
Factors  such  as  hardness.  pH. 
suspended  solids,  types  of  aquatic 
organisms  present,  etc.  could  impact  on 
the  chemical’s  effect  in  the  aquatic 
environment  Therefore,  local 
information  can  be  assembled  and 
analyzed  to  adjust  the  criterion 
recommendation  if  necessary. 

The  Guidelines  for  deriving  criteria  for 
the  protection  of  aquatic  life  suggest 
Several  approaches  for  modifying  the 
criteria.  First  toxicity  data,  both  acute 
e-.d  chronic,  for  local  species  could  be 
substituted  for  some  or  all  of  the  species 
used  in  deriving  criteria  for  the  water 
quality  standard  The  minimum  data 
requirements  should  still  be  fulfilled  in 
calculating  a  revised  criterion.  Second. 


criteria  may  be  specifically  ta  ::ed  to  a 
local  water  body  by  use  of  d.u  bom 
toxicity  tests  performed  with,  cat 
ambient  water.  A  procedure  v  rh  es  this 
would  account  for  iccal  envir  lur.enial 
conditions  in  formulating  a  cnenon 
relevant  to  the  local  water  toy.  Third, 
site-specific  water  quality 
characteristics  resulting  in  ether 
enhancement  or  mitigation  o:  iquatic 
life  toxicity  for  the  pollutant  ould  be 
factored  into  Final  formulatic:  of  the 
criterion.  Finally,  the  criteria  cay  be 
made  more  stringent  to  ensue 
protection  of  an  individual  s  vcies  not 
otherwise  adequately  proleced  by  any 
of  the  three  modification  preedures 
previously  mentioned. 

EPA  does  not  intend  to  hae  Stales 
assess  every  iocal  stream  serr.tnt  er.d 
lake  in  the  country  on  an  incvidual 
basis  before  determining  if  si 
adjustment  is  necessary-  Rstier. ::  is 
envisioned  that  water  bodie  having 
similar  hydrological.  cSemic.1  physical, 
and  biological  preperties  wi!  be 
grouped  for  the  purpose  of  ritsria 
adjustment  The  purpose  of  rJs  effort  is 
to  assist  States  in  adapting  ::e  section 
304(a)  criteria  to  local  car. dnons  where 
needed,  thereby  precluding  he  setur.g  of 
arbitrary  and  perhaps  unne.iesscriiy 
stringent  or  ur.cerprotectivi  criteria  ir.  a 
water  body.  In  ail  cases.  E?A  will  stiil 
be  required  pursuant  to  ser.ion  303fr). 
to  determine  whether  the  Sate  water 
quality  standards  are  const  tent  wuh 
the  goals  or  the  Act.  includ.nfi  a 
determination  of  whether  hate- 
established  criteria  are  actquate  ‘o 
support  a  designated  use. 

Criteria  fer  the  Protection  if  Aquatic 
Life 

Interpretation  of  the  Crilero 

The  aquatic  life  criteria  ssued  today 
are  summarized  in  Appentix  A  of  this 
Federal  Register  notice.  Crteria  have 
been  formulated  by  appiyng  a  set  ci 
Guidelines  to  a  data  base  or  each 
pollutant.  The  criteria  for  ne  pro'ecur.n 
of  aquatic  life  specify  poii.iznt 
concentrations  which,  if  mi  exceeded, 
should  protect  most,  but  wt  necessarily 
all.  aquatic  life  and  its  usss.  The 
Guidelines  specify  that  crier;*  should 
be  based  on  an  array  of  oiia  from 
organisms,  both  plant  am  arumai. 
occupying  various  trop'ni:  levels.  53srd 
on  these  data,  criteria  cat  be  cerrved 
which  should  be  adequci-  tc  protec:  :b 
types  of  organisms  necer  cry  to  tuppot 
an  aquatic  community. 

The  Guidelines  are  nc  crs.g'.cc  •- 
derive  criteria  which  w.l  rro.ee:  «>.!  '.:i 
stages  of  all  species  uncr  all 
conditions.  Generally  seme  i.fe  stare  c 
one  or  more  tested  specks  and 
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probably  some  untested  species,  will 
have  sensitivities  below  the  maximum 
value  or  the  24-hour  average  under  some 
conditions  and  would  be  adversely 
affected  if  the  highest  allowable 
pollutant  concentrations  and  the  worst 
conditions  existed  for  a  long  time,  la 
actual  practice,  such  a  situation  is  not 
likely  to  occur  and  thus  the  aquatic 
community  as  a  whole  will  normally  be 
protected  if  the  criteria  are  not 
exceeded.  In  any  aquatic  community 
there  is  a  wide  range  of  Individual 
species  sensitivities  to  the  effects  of 
toxic  pollutants.  A  criterion  adequate  to 
protect  the  most  susceptible  life  stage  of 
the  most  sensitive  species  would  in 
many  cases  be  more  stringent  than 
necessary  to  protect  the  overall  aquatic 
community. 

The  aquatic  life  criteria  specify  both 
maximum  and  24-hour  average  values. 
The  combination  of  the  two  values  is 
designed  to  provide  adequate  protection 
of  aquatic  life  and  its  uses  from  acute 
and  chronic  toxicity  and 
bioconcentration  without  being  as 
restrictive  as  a  one-number  criterion 
would  have  to  be  to  provide  the  same 
amount  df  protection.  A  time  period  of 
24  hours  was  chosen  in  order  to  ensure 
that  concentrations  not  reach  harmful 
levels  for  unacceptably  long  periods. 
Averaging  for  longer  periods,  such  as  a 
week  or  a  month  for  example,  could 
permit  high  concentrations  to  persist 
long  enough  to  produce  significant 
adverse  effects.  A  24-hour  period  w2s 
chosen  instead  of  a  slightly  longer  or 
shorter  period  in  recognition  of  daily 
fluctuations  in  waste  discharges  and  of 
the  influence  of  daily  cycles  of  sunlight 
and  darkness  and  temperature  on  both 
pollutants  and  aquatic  organisms. 

The  maximum  value,  which  is  derived  ' 
from  Bcute  toxicity  data,  prevents 
*  significant  risk  of  adverse  impact  to 
organisms  exposed  to  concentrations 
above  the  24-hour  average.  Merely 
specifying  the  average  value  over  a  _ 
specified  time  period  is  insufficient 
because  concentrations  of  chemicals 
higher  than  the  average  value  can  kill  or 
cause  irreparable  damage  in  short 
periods.  Furthermore,  for  some 
chemicals  the  effect  of  intermittent  high 
exposures  is  cumulative.  It  is  therefore 
necessary  to  place  an  upper  limit  on 
pollutant  concentrations  to  which 
aquai-.c  organisms  might  be  exposed. 

The  two-number  criterion  is  intended  to 
describe  the  highest  average  embient 
was:  concentration  which  will  produce 
a  water  quality  generally  suited  to  the 
maintenance  of  aquatic  hie  while 
restricting  the  extent  and  ouraticr.  of  the 
r\:.”ic~:  ever  'hat  average  tc  levels 
w  -..cr.  w.l!  not  cause  harm  The  c 


way  to  assure  the  same  degree  of 
protection  with  a  one-number  criterion 
would  be  to  use  the  24-hour  average  as  a 
concentration  that  is  not  to  be  exceeded 
at  any  time  in  any  place. 

Since  some  substances  may  be  more 
toxic  in  freshwater  than  in  saltwater,  or 
vice  versa,  provision  is  made  for 
deriving  separate  water  quality  criteria 
for  freshwater  and  for  saltwater  for  each 
substance.  However,  for  some 
substances  sufficient  data  may  not  be 
evailable  to  derive  one  or  both  of  these 
criteria  using  the  Guidelines. 

Specific  aquatic  life  criteria  have  not 
been  developed  for  all  of  the  65  toxic 
pollutants,  in  those  cases  where  there 
were  insufficient  data  to  allow  the 
derivation  of  a  criterion,  narrative 
descriptions  of  apparent  threshold  levels 
for  acute  and/or  chronic  effects  based 
on  the  available  data  are  presented. 
These  descriptions  are  intended  to 
convey  a  sense  of  the  degree  of  toxicity 
of  the  pollutant  in  the  absence  of  a 
criterion  recommendation. 

Summary  of  the  Aquatic  Life  Guidelines 

The  Guidelines  for  Deriving  Water 
Quality  Criteria  for  the  Protection  of 
Aquatic  Life  and  its  Uses  were 
developed  to  describe  an  objective, 
internally  consistent  and  appropriate 
way  of  ensuring  that  water  quality 
criteria  for  aquatic  life  would  provide, 
on  the  average,  a  reasonable  amount  of 
protection  without  an  unreasonable 
amount  of  overprotection  or 
underprotection.  The  resulting  criteria 
are  not  intended  to  provide  ICO  percent 
protection  of  all  species  and  all  uses  of 
aquatic  life  all  of  the  time,  but  they  are 
intended  to  protect  most  species  in  a 
balanced,  healthy  aquatic  community. 
The  Guidelines  are  published  as 
Appendix  B  of  this  Notice.  Responses  to 
public  comments  on  these  Guidelines 
are  attached  as  Appendix  D. 

Minimum  data  requirements  are 
identified  in  four  areas:  acute  toxicity  to 
animals  (eight  data  points),  chronic 
toxicity  to  animals  (three  data  points), 
toxicity  to  plants,  and  residues. 

Guidance  is  also  given  for  discarding 
poor  quality  data. 

Data  on  acute  toxicity  are  needed  for 
a  variety  of  fish  and  invertebrate 
species  and  are  used  to  derive  a  Final 
Acute  Value.  By  taking  into  account  the 
number  and  relative  sensitivities  of  the 
tested  species,  the  Final  Acute  Value  is 
designed  to  protect  nest,  but  not 
necessarily  all.  of  the  tested  and 
untested  species. 

Data  on  chrcrjc  toxicity  to  animals 
can  be  used  to  derive  a  Final  Chronic’ 
Value  by  two  different  means.  If  chronic 
values  are  available  for  a  specified 
number  ar.d  array  of  species,  a  f:r.a! 


chronic  value  can  be  calculated  dimly. 
If  not.  an  ecute-chronlc  ratio  is  den  rd 
and  then  used  with  the  Final  Acut. 
Value  to  obtain  the  Final  Chronic  V  lue. 

The  Final  Plant  Value  is  obtainc  uy 
selecting  the  lowest  plant  toxicity  v.lue 
based  on  measured  concentration: 

The  Final  Residue  Value  b  Interred 
to  protect  wildlife  which  consume 
aquatic  organisms  and  the  market  uility 
of  aquatic  organisms.  Protection  c  die 
marketability  of  aquatic  organism  is.  in 
actuality,  protection  of  a  use  of  th-t 
water  body  ("commercial  fishery".  Two 
kinds  of  data  are  necessary  to  caiulate 
the  Final  Residue  Value:  a 
bioconcentration  factor  (BCF)  ar.i  a 
maximum  permissible  tissue 
concentration,  which  can  be  an  RA 
action  level  or  can  be  the  result  c  a 
chronic  wildlife  feeding  study.  Fc  lipid 
soluble  pollutants,  the  BCF  is 
normalized  for  percent  lipids  am  then 
the  Final  Residue  Value  is  calcui.ied  by 
dividing  the  maximum  permissibe 
tissue  concentration  by  the  norm-Lized 
BCF  and  by  an  appropriate  perent  lipid 
value.  BCFs  are  normalized  for  rtreent 
lipids  since  the  BCF  measured  fc  any 
individual  aquatic  species  is  gemrally 
proportional  to  the  percent  lipid  in  that 
species. 

if  sufficient  data  are  availabi-  to 
demonstrate  that  one  or  more  o  die 
final  values  should  be  related  ti  a  water 
quality  characteristic,  such  as  -uiinity. 
hardness,  or  suspended  solids  r.e  final 
value(s)  are  expressed  as  a  fur.  ’.ion  of 
that  characteristic. 

After  the  four  final  values  (rr.al 
Acute  Value.  Final  Chronic  Vaue.  Fir.3l 
Plant  Value,  and  Final  Residut  Value) 
have  been  obtained,  the  criteron  is 
established  with  the  Final  Acne  Value 
becoming  the  maximum  value  ind  the 
lowest  of  the  other  three  valua 
becoming  the  24-hour  average  value.  All 
of  the  data  used  to  calculate  tie  four 
final  values  and  any  addition!  pertinent 
information  are  then  reviewe:  :o 
determine  if  the  criterion  is  rmsonabie. 

If  sound  scientific  evidence  tibicaies 
that  the  criterion  should  be  n.sed  cr 
lowered,  appropriate  change  are  made 
es  necessary. 

The  present  Guidelines  hre  been 
revised  from  the  earlier  pub::  r.ed 
versions  (43  FR  21306.  May  U.  1978  43 
FR  29028.  July  5  1978  44  Ff  -S2F 
March  15  1979)  Details  hav  been 
added  in  many  places  and  tie  cor.cep’ 
of  a  minimum  data  base  ha  rein 
incorporated.  In  addition.  tr.ee 
adjustment  factors  ar.d  the  rec.es 
sensitivity  factor  h3\e  berr  ceieiea 
These  modifications  were  re  result  cf 
the  Agency’s  analysis  of  p;.:  .c 
comments  and  comments  — te-ved  f*rm 
tr.t  Science  Ac  .  -.scry  rear 
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versions  of  the  Guidelines.  These 
comments  ar.d  the  Resultant 
modifications  are  addressed  fully  in 
Appendix  D  to  this  notice. 

Criteria  for  the  Protection  of  Hunan 
Health 

Interpretation  of  the  Human  Health 
Criteria 

The  human  health  criteria  issued 
today  are  summarized  in  Appendix  A  of 
this  Federal  Register  notice.  Criteria  for 
the  protection  of  human  health  are 
presented  for  62  of  the  65  pollutants 
based  on  their  carcinogenic,  toxic,  or 
organoleptic  (taste  ar.d  odor)  properties. 
The  meanings  and  practical  uses  of  the 
criteria  values  are  distinctly  different 
depending  on  the  properties  on  which 
they  are  besed. 

The  objective  of  the  health 
assessment  portions  of  the  criteria 
documents  is  to  estimate  ambient  water 
concentrations  which,  in  the  case  of 
non-cercinosens.  prevent  adverse  health 
effects  in  humans,  and  in  the  case  of 
suspect  or  proven  carcinogens,  represent 
various  levels  of  incremental  cancer 
risk. 

Health  assessments  typically  contain 
discussions  of  four  elements:  Exposure, 
pharmacokinetics,  toxic  effects,  and 
criterion  formulation. 

The  exposure  section  summarizes 
information  c.n  exposure  routes: 
ingestion  directly  from  water,  indirectly 
from  consumption  of  acuetic  organisms 
found  in  ambient  water,  other  dietary 
sources,  inhalation,  and  dermal  contact. 
Exposure  assumptions  are  used  to 
derive  human  health  criteria.  Most 
criteria  are  based  solely  on  exposure 
from  consumption  of  water  containing  a 
specified  concentration  of  a  toxic 
pollutant  and  through  consumption  of 
aquatic  organisms  which  are  assumed  to 
heve  bioconcentrated  pollutants  from 
the  water  in  which  they  live.  Other 
multimedia  routes  of  exposure  such  as 
air.  r.on-aquatic  diet,  or  dermal  are  not 
factored  into  the  criterion  formulation 
for  the  vast  majority  of  pollutants  doe  to 
lack  of  data.  The  criteria  are  calculated 
using  the  combined  aquatic  exposure 
pathway  end  also  using  the  aquatic 
organism  ingestion  exposure  route 
•  lone.  In  criteria  reflecting  both  the 
water  consumption  and  aquatic 
organism  ingestion  routes  of  exposure, 
the  reletive  exposure  contribution  varies 
w  ith  the  propensity  of  a  pollutant  to 
bioccr.centrate,  with  the  consumption  of 
aquatic  organisms  becoming  more 
important  as  the  bioconcentretion  factor 
(BCF)  increases.  As  additional 
information  or.  total  exposure  is 
assembled  for  pollutants  for  which 
criteria  reflect  or.!y  the  two  specified 


aquatic  exposure  routes,  adjustments  in 
water  concentration  values  may  be 
made  The  Agency  intends  to  publish 
guidance  which  will  permit  the  States  to 
identify  significantly  different  exposure 
patterns  for  their  populations.  If 
warranted  by  the  demonstration  of 
significantly  different  exposure  patterns, 
this  will  become  an  element  of  a  process 
to  adapt/modify  human  health-based 
criteria  to  local  conditions,  somewhat 
analogous  to  the  aquatic  life  criteria 
modification  process  dismissed 
previously.  It  is  anticipated  that  States 
at  their  discretion  will  be  able  to  set 
appropriate  human  health  criteria  based 
on  this  process. 

The  pharmacokinetics  section  reviews 
data  on  absorption,  distribution, 
metabolism,  and  excretion  to  assess  the 
biochemical  fate  of  the  compounds  in 
the  human  and  animal  system.  The  toxic 
effects  section  reviews  data  on  acute, 
subacute,  and  chronic  toxidty. 
synergistic  and  antagonistic  effects,  and 
specific  information  on  mutagenicity, 
teratogenicity,  and  carcinogenicity. 

From  this  review,  the  toxic  effect  to  be 
protected  against  is  identified  taking 
into  account  the  quality,  quantity,  and 
weight  of  evidence  characteristic  of  the 
data.  The  criterion  fcnr.ulation  section 
review  s  the  highlights  of  the  text  and 
specifies  a  rationale  for  criterion 
development  and  the  mathematical 
derivation  of  the  criterion  number. 

Within  the  limitations  of  time  and 
resources,  current  published  information 
of  significance  wbs  incorporated  into  the 
human  heaith  assessments.  Review 
articles  and  reports  were  used  for  data 
evaluation  end  synthesis.  Scientific 
judgment  was  exercised  in  reviewing 
and  evaluating  the  data  in  each  criteria 
document  and  in  identifying  the  adverse 
effects  for  which  protective  criteria  were 
published. 

Specific  health-based  criteria  are 
developed  only  if  a  weight  of  evidence 
supports  the  occurrence  of  the  toxic 
effect  and  if  dose/response  data  exist 
from  which  criteria  can  be  estimated. 

Criteria  for  suspect  or  proven 
carcinogens  are  presented  as 
concentrations  in  water  associated  with 
a  range  of  incremental  cancer  risks  to 
man.  Criteria  for  non-cardr.ogeos 
represent  levels  at  which  exposure  to  a 
single  chemical  is  not  anticipated  to 
produce  adverse  effects  in  man.  In  a  few 
cases,  organoleptic  (teste  and  odor)  data 
form  the  beats  for  the  criterion.  While 
this  type  of  criterion  does  not  represent 
a  vaJue  which  directly  affects  human 
health.  It  is  presented  as  an  estimate  cf 
the  level  of  a  pollutant  that  will  not 
produce  unpleasant  teste  or  odor  either 
directly  from  water  consumption  cr 
ir.d.recUy  by  consumption  of  aquatic 


organisms  found  in  err.1.  ■'  '  waters  A 
criterion  developed  it.  ’-i  .  ~ar.r.cr  is 
judged  to  be  as  useful  c?  -  e r  nprs  cf 
criteria  in  protecting  des.r.a:ed  water 
uses.  In  addition,  where  t'-s  ere 
available,  loxicity-bes*!-'  --.:ene  are 
also  presented  for  po’Jui.r.u  w-ith 
derived  organoleptic  criuia.  The  choice 
cf  criteria  used  in  water  mality 
standards  for  these  polluints  will 
depend  upon  the  desigeetd  use  to  be 
protected.  In  the  case  of  ■  multiple  use 
water  body,  the  criterion  .-electing  the 
most  sensitive  use  will  bi  applied. 
Finally,  for  several  pcIluLr.t*  no  criteria 
are  recommended  due  to .  lack  of 
information  sufficient  forruantitalive 
criterion  formulation. 

Risk  Extrapolation 

Because  methods  do  r.c  now  exist  to 
establish  the  presence  of.  threshold  for 
carcinogenic  effects,  EP.V  policy  is  that 
there  is  no  scientific  bass. estimating 
“safe"  levels  for  carcinogen  The 
criteria  for  carcinogens,  tnreiore.  state 
that  Lhe  recommenced  contr.iral.’on  for 
maximum  protection  of  htman  health  is 
zero.  In  addition,  the  Agerry  has 
presented  a  range  of  csncrtlralions 
corresponding  to  ir.crecct.c'.  cancer 
risks  of  10' 1  to  20'*  (one  aiitior.al  case 
of  ceDcer  in  populations  ringing  horn 
ten  million  to  ICO.OOOl  restrctivcly). 
Other  concentrations  rep^s  ctir.g 
different  risk  levels  may  ir  calculated 
by  use  of  toe  Guidelines.  “it  r.sk 
estimate  range  is  presents:  fer 
information  purposes  ar.d  ::?s  net 
represent  an  Agency  judruim.:  cn-ar. 
"acceptable”  risk  level. 

Summary  of  the  Humeri  Hc.'th 
Guidelines 

The  health  assessments  :cd 
corresponding  criteria  publsbed  teday 
were  derived  based  on  Gudtlinesnnd 
Methodology  Used  in  the  Isparation  of 
Health  Effect  Assessment  Z r.zplers  cf 
the  Consent  Decree  1 VctcrCrttrria 
Documents  (lhe  Guideline,  developed 
by  EPA’s  Office  of  F.eserci  end 
Development.  The  estimator,  of  health 
risks  associated  with  hur.m  exposure  to 
environmental  pollutants  r-rutres 
predicting  the  effect  of  lov  dcse «  for  up 
to  a  lifetime  in  duration.  A  ciruhir.aiion 
of  epidemiological  ar.d  er-:i!  drre/ 
response  data  is  consider!',  the 
preferred  basis  for  quentit.  :ve  criterion 
derivation.  The  complete  Cu.iclL-.ts  are 
presented  as  Appendix  C  ..cjor  issues 
associated  with  these  Gui'i  r.es  ar.d 
rerpor.ses  to  public  com-.  -.  s  are 
presented  as  Appendix  E 
No-tffect  Jr.on-carc.ncf i  or 
specified  risk  (carcmcgen; 
concentrations  were  estim.  rJ  bj 
extrapolation  frerr.  aruma!  uxictty  or 
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’  human  epidemiology  studies  using  the 
following  basic  exposure  assumptions:  a 
70-kilcgrara  male  person  [Report  of  the 
I  Task  Croup  on  Reference  Man. 

'  International  Commission  for  Radiation 
Protection.  November  23. 1957)  as  the 
exposed  individual:  the  average  daily 
>  consumption  of  freshwater  and 
estuarine  fish  and  shellfish  producU 
equal  to  6.5  grams/ day.  and  the  average 
ingestion  of  two  liters/day  of  water 
( Drinking  Water  and  Health.  National 
Academy  of  Sciences,  National 
Research  Council.  1977).  Criteria  based 
on  these  assumptions  are  estimated  to 
be  protective  of  an  adult  male  who 
experiences  average  exposure 
conditions. 

Two  basic  methods  were  used  to 
formulate  health  criteria,  depending  on 
whether  the  prominent  adverse  effect 
was  cancer  or  other  toxic 
manifestations.  The  following  sections 
detail  these  methods. 

Carcinogens 

Extrapolation  of  cancer  responses 
from  high  to  low  doses  and  subsequent 
risk  estimation  from  animal  data  is 
performed  using  a  linearized  multi-stage 
model.  This  procedure  is  flexible  enough 
to  fit  all  monotonically-increasing  dose 
response  data,  since  it  incorporates 
several  adjustable  parameters.  The 
multi-stage  model  is  a  linear  non¬ 
threshold  model  as  was  the  “one-hit'' 
model  originally  used  in  the  proposed 
criteria  documents.  The  linearized  multi¬ 
stage  model  and  its  characteristics  are 
described  fully  in  Appendix  C.  The 
linear  non-threshold  concept  has  been 
endorsed  by  the  four  agencies  in  the 
Interagency  Regulatory  Liaison  Croup 
and  is  less  likely  to  underestimate  risk 
at  the  low  doses  typical  of 
environmental  exposure  than  other 
models  that  could  be  used.  Because  of 
the  uncertainties  associated  with  dose 
response,  animal-to-human 
extrapolation  and  other  unknown 
factors,  because  of  the  use  of  average 
exposure  assumptions,  and  because  of 
the  serious  public  health  consequences 
that  couic  result  if  risk  were 
underestimated.  EPA  believes  that  it  is 
prudent  to  use  conservative  methods  to 
estimate  nsk  in  the  water  quality 
criteria  program.  The  linearized 
multistage  model  is  more  systematic  and 
invokes  fewer  arbitrary  assumptions 
than  the  “cne-hif  procedure  previously 
used 

It  shcu’.d  be  noted  that  extrapolation 
models  provide  estimates  of  risk  since  a 
v ante;,  cf  assumptions  are  buii:  into  any 
model  Mode's  using  widely  different 
assumptions  may  produce  estimates 
ransT.i  o',  er  se  \  era!  orders  of 
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way  to  demonstrate  the  scientific 
validity  of  any  model,  the  use  of  risk 
extrapolation  models  Is  a  subject  of 
debate  in  the  scientific  community. 
However,  risk  extrapolation  is  generally 
recognized  as  the  only  tool  available  at 
this  time  for  estimating  the  magnitude  of 
health  hazards  associated  with  non¬ 
threshold  toxicants  and  has  been 
endorsed  by  numerous  Federal  agencies 
and  scientific  organizations,  including 
EPA's  Carcinogen  Assessment  Croup, 
the  National  Academy  of  Sciences,  and 
the  Interagency  Regulatory  Liaison 
Croup  as  a  useful  means  of  assessing 
the  risks  of  exposure  to  various 
carcinogenic-pollutants. 

Non-Carcinogens 

Health  criteria  based  on  toxic  effects 
of  pollutants  other  than  carcinogenicity 
are  estimates  of  concentrations  which 
are  not  expected  to  produce  adverse 
s  effects  in  humans.  They  are  based  upon 
Acceptable  Daily  Intake '(ADI)  levels 
and  are  generally  derived  using  no¬ 
observed-adverse-effect-level  (NOAEL). 
data  from  animal  studies  although 
human  data  are  used  wherever 
available.  The  ADI  is  calculated  using 
safety  factors  to  account  for 
uncertainties  inherent  in  extrapolation 
from  animal  to  man.  In  accordance  with 
the  National  Research  Council 
recommendations  (Drinking  l Voter  and 
Health.  National  Academy  of  Sciences. 
National  Research  Council.  1977),  safety 
factors  of  10.  100.  or  1.000  are  used 
depending  on  the  quality  and  quantity  of 
data.  In  some  instances  extrapolations 
are  made  from  inhalation  studies  or 
limits  to  approximate  a  human  response 
from  ingestion  using  the  Stokingec- 
Woodward  model  (Journal  of  American 
Water  Works  Association,  1958). 
Calculations  of  criteria  from  ADIs  are 
made  using  the  standard  exposure 
assumptions  (2  liters  of  water.  6.5  grams 
of  edible  aquatic  products,  and  an 
average  body  weight  of  70  kg). 

Dated-  October  24.  1980. 

Douglas  M.  Coslle, 

Administrator. 

Appendix  A — Summary  of  Water 
Quality  Criteria 

Acenaphthene 

Freshwater  Aquatic  Life 

The  available  data  for  acenaphthene 
indicate  that  acute  toxicity  to  freshwater 
aquatic  !cfe  occurs  at  concentrations  as 
low  as  1.700  pg/l  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  No  data  are  available  concerning 
ihe  chronic  toxicity  of  acenaphthene  to 
sensitive  freshwater  aquatic  animals  but 


toxicity  to  freshwater  algae  occu-  i 
concentrations  as  low  as  520  jig/! 

Salt  wc  ter  A  quo  tic  Life 

The  available  data  for  acenapht.ene 
indicate  that  acute  and  chronic  tp.icity 
to  saltwater  aquatic  life  occur  at 
concentrations  as  low  as  970  and  TO 
jig/1,  respectively,  and  would  occu  at 
lower  concentrations  among  speces 
that  are  more  sensitive  than  those 
tested.  Toxicity  to  algae  occurs  a’ 
concentrations  as  low  as  500  pg/. 

Human  Health 

Sufficient  data  is  not  available  nr 
acenaphthene  to  derive  a  level  wnch 
would  protect  against  the  potentia 
toxicity  of  this  compound.  Using 
available  organoleptic  data,  for 
controlling  undesirable  taste  and  idor 
quality  of  ambient  water,  the  estinated 
level  is  20  jig/1.  It  should  be  recognzed 
that  organoleptic  data  as  a  basis  nr 
establishing  a  water  quality  critera 
have  limitations  and  have  no 
demonstrated  relationship  to  potntial 
adverse  human  health  effects. 

Acrolein 

Freshwater  Aquatic  Life 

The  available  data  for  acrolein 
indicate  that  acute  and  chronic  ic  icily 
to  freshwater  aquatic  life  occurs  a 
concentrations  as  low  as  68  and  2  us/1, 
respectively,  and  would  occur  at  uwer 
concentrations  among  species  thr.  are 
more  sensitive  than  those  tested 

Saltwater  Aquctic  Life 

The  available  data  for  acrolein 
indicate  that  acute  toxicity  to  salwater 
aquatic  life  occurs  at  concentratirns  as 
low  as  55  jig/1  and  would  occur  a  lower 
concentrations  among  species  the  are 
more  sensitive  than  those  tested.  *<0 
data  are  available  concerning  the 
chronic  toxicity  of  acrolein  to  senutive 
saltwater  aquatic  life. 

Human  Health 

For  the  protection  of  human  hei.ih 
from  the  toxic  properties  of  acrci:  n 
ingested  through  water  and 
contaminated  aquatic  organisms  ne 
ambient  water  criterion  is  deterrr.r.ed  to 
be  320  ug/1. 

For  the  protection  of  human  hei  th 
from  the  toxic  properties  of  acroi;  n 
ingested  through  contaminated  a:  .an: 
organisms  alone,  the  ambient  wa  •• 
criterion  is  determined  to  be  "20  '. 

Acrylonitrile 

Freshwater  Acualic  L.ie 

The  available  data  for  acryicr.  -  * 
incicate  that  acute  tevcity  -c  fr»>- 
ac-atic  !  fe  occurs  at  ccr.cer-.:.--,  a 
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tow  at  7.550  jig/1  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  No  definitive  data  are  available 
Concerning  the  chronic  toxicity  of 
acrylonitrile  to  sensitive  freshwater 
aquatic  life  but  mortality  occurs  at 
concentrations  as  low  as  2.600  p.g/1  with 
a  fish  species  exposed  for  30  daya. 

Saltwater  Aquatic  Life 

Only  one  saltwater  species  has  been 
tested  with  acrylonitrile  and  no 
statement  can  be  made  concerning  acnte 
or  chronic  toxicity. 

Human  Health 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  acrylonitrile 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  embient  water  concentration  should 
be  zero  based  on  the  noD-threshold 
assumption  lor  this  chemical.  However, 
zero  level  may  not  be  attainable  at  tbe 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  10"*,  10**,  and  10~T.  The 
corresponding  criteria  are  .56  jig/1.  .056 
pg/1  and  .006  pg/L  respectively.  If  tbe 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  65  pg/1.  .65  pg/L  and  .065  pg/ 
l  respectively.  Other  concentrations 
representing  different  risk  levels  may  be  . 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for  - 
information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
"acceptable"  risk  level.  . -  ■  . 

Aldrin -Dieldrin 

'  ...  .  ■■  ■■•<■.  m 
Dieldrin  '•  '  -2-7 

Freshwater  Aquatic  Life  '*  -  '■ 

For  dieldrin  the  criterion  to  protect 
fresh  water  aquatic  life  as  derived  nslhg 
the  Guidelines  is  0.0019  pg/1  as  a  24- 
hoar  average  and  the  concentration 
should  not  exceed  25  pg/1  at  any  time. 

Saltwater  Aqaatic  Life  . 

For  dieldrin  the  criterion  to  protect 
saltwater  aquatic  life  as  derived  using  ' 
the  Guidelines  is  0  0019  pg/1  as  a  24- 
hour  average  and  the  concentration  ■ 
shculd  no:  exceed  0.71  pg/1  at  any  time. 

Human  Health 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effecu  due  to  exposure  of  dieldrin  _ 
through  mgestiOD  of  contaminated  water 
and  cortarmns Led  aquatic  organisms, 
the  ambient  water  concentration  should 
be  zero  bated  on  the  non-threshold 


assumption  for  this  chemical  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  10‘*.  10"',  and  10"’.  Tbe 
corresponding  criteria  are  71  ng/1,  .071 
ng/L  and  .0071  ng/1.  respectively.  If  the 
above  estimates  are  made  for 
'coasumptioirbf  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  .76  ng/1.  -076  ng/L  and  -0076 
ng/1  respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for 
Information  purposes  and  does  not  . 
represent  an  Agency  judgment  on  an 
“acceptable"  risk  leveL 

Aldrin 

Freshwater  Aquatic  Life 

For  freshwater  aquatic  life  the 
concentration  of  aldrin  should  not 
exceed  3.0  pg/1  at  any  time.  No  data  are 
available  concerning  the  chronic  toxicity 
of  aldrin  to  aensitive  freshwater  aquatic 
life. 

Saltwater  Aquatic  Life 

For  saltwater  aquatic  life  the  . 
concentration  of  aldrin  should  not 
exceed  U  pg/1  at  any  time.  No  data  are 
available  concerning  the  chronic  toxicity 
of  aldrin  to  sensitive  saltwater  aquatic 
life!  " .  ~ 

Human  Health  .  ..... 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  aldrin  through 
Ingestion  of  contaminated  water  and  - 
contaminated  aquatic  organisms,  the  .  . 
ambient  water  concentration  should  be 
zero  based  on  the  soo-thresbold 
assumption  for  this  chemical.  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  tbe  levels  which 
may  result  in  incremental  increase  of  * 
cancer  risk  over  the  lifetime  are 
estimated  at  1CT*.  30'*,  and  3CT*.  Tba 
corresponding  criteria  are  .74  ng/1.  .074 
ng/1,  and  .0074  ng/1.  respectively.  If  the 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  tbe 
levels  ert  79  ng/l.  JJ79  ng/1.  and. .0079 
ng/1.  respectively.  Other  concentrations 
representing  different  risk  levels  may 
be  calculated  by  use  of  the  Guidelines. 
The  risk  estimate  range  is  presented  for 
information  purposes  and  does  not 
represent  an  Agency  judgment  on  an  . 
"acceptable"- nsk  leveL 


Antimony 

Freshwater  Aquctic  Life 

The  available  data  for  an  irony 
indicate  thet  acute  and  chrc.  :  toxicity 
to  freshwater  aquatic  life  of-  at 
concentrations  as  low  as  9.CO  ar.d  1.6C0 

(ig/L  respectively,  and  woub  occur  at 
ower  concentrations  amonj  peciea 
that  are  more  sensitive  thar.  hose 
'  tested.  Toxicity  to  algae  oemrs  at 
concentrations  as  low  as  61t.ug/L 

'  Saltwater  A  quatic  Life 

No  saltwater  organisms  h.ve  been 
adequately  tested  with  antir.ony.  and 
no  statement  can  be  made  ecceming 
acute  or  chronic  tcxlcity. 

Human  Health 

For  the  protection  of  hum.’,  health 
from  .the  toxic  properties  of  xtimony 
ingested  through  water  and 
•  .contaminated  aquatic  orgar.sms.  the 
ambient  water  criterion  is  e  :emined  to 
be  146  ug/L 

For  the  protection  of  hum-c  health 
from  the  toxic  properties  of  j-.fimony 
ingested  through  contaminaed  aquatic 
organisms  alone,  the  ambieit  water 
criterion  is  determined  to  hr  45.000  pg/1. 

Arsenic 

Freshwater  Aquatic  Life 

-For  freshwater  aqoatic  lit  the 
concentration  of  total  recov:-ab!e 
trivaleDt  inorganic  arsenic  nould  not 
exceed  440  pg/1  at  any  time  Short-term 
’  effects  on  embryos  and  lar-te  of  aquatic 
vertebrate  species  have  bem  shown  to 
occur  at  concentrations  a:  ow  as  40  pg / 
1. 

Saltwater  Aquatic  Life 

The  available  data  for  tosJ 
recoverable  tri valent  inorgmic  arsenic 
indicate  that  acute  toxiritj’.o  saltwater 
•quatic  life  occurs  at  conccrtrations  as 
low  as  508  pg/1  and  woulc  recur  at 
lower  concentrations  amorg  species 
that  are  more  sensitive  ihc  those 
tested.  No  data  are  avails:. r  concerning 
the  chronic  toxicity  of  trivi.er.t 
inorganic  arsenic  to  sensif  e  saltwater 
•quatic  life. 

Human  Health 

For  tbe  maximum  prole--- on  of  human 
health  from  the  potential  mranogeruc 
effects  due  to  exposure  of  irsenic 
through  ingestion  of  contir-caied  wate 
and  contaminated  aquati:  rryen: srr.i. 
the  ambient  water  conctr :  3tion  should 
be  zero  based  on  the  Don  -ires bole 
assumption  for  this  chem  :i!  However, 
zero  level  may  not  be  at*.;,  cable  at  the 
present  time.  Therelore.  tit  levels  whic 
may  result  In  increments  nsvese  of 
cancer  risk  over  the  lifet-c?  sre 
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estimated  at  10'*.  10*'.  and  IIP*.  The 
corresponding  criteria  axe  22  ng/1,  2.2 
ng/L  and  .22  ng/l  respectively.  If  the 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only. 

-  excluding  consumption  of  water,  the 

levels  are  175  ng/L  17.5  ng/l  and  1.75 
ng/l.  respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for 
information  purposes  and  does  not  •' 

represent  an  Agency  judgment  on  an  ’  I; 
"acceptable”  risk  leveL  ■ 

Asbestos  .  .  . 

Freshwater  Aquatic  Life  '  ' 

No  freshwater  organisms  have  been 
tested" with  any  asbestiforra  mineral  and 
no  statement  can  be  made  concerning 
acute  or  chronic  toxicity.  -  -  \ 

Saltwater  Aquatic  Life  '  '  "  1 

No  saltwater  organisms  have  been  - 
tested  with  any  asbestiform  mineral  and  _ 
no  statement  can  be  made  concerning 
•  acute  or  chronic  toxicity.  - 

Humcn  Health  .  *  -  x 

For  the  maximum  protection  of  human- 

-  health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  asbestos  ? 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms. 

the  ambient  water  concentration  should-- - 
be  zero  based  on  the  non-threshold 
assumption  for  this  chemical.  However, 
zero  level  may  not  be  attainable  at  the  : 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  10'*.  1(T‘  and  10"\  The  * 
corresponding  criteria  are  300.000  ■ 

Fibers /x. 30  XXX)  Gbers/1.  and  3.000  fibers/ 

1.  respectively.  Other  concentrations  : 
representing  different  riak  levels  may  be  , 
calculated  by  use  of  the  Guidelines.  The 
nsk  estimate  range  it  presented  for 
information  purposes  end  does  not  J  ~ 
represent  an  Agency  judgment  onan 
"acceptable"  risk  leveL  ?' . 

Benzene  '  •*  -‘VP-  •  ,  <  -C.  ■ 

Freshwater  Aquotic  Life  *  -  ^  * /'-Jj  " 

The  available  data  lor  benzene  . 
indicate  that  acute  toxicity  to  freshwater  "* 
aquatic  life  occurs  at  concentrations  as  - 
low  as  5.300  pg/1  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those  ' 
tested.  So  data  art  available  concerning 
the  chronic  toxicity  of  benzene  to 
sensitive  freshwater  aquatic  life. 

So!  two  ter  Aq-jotic  Life  *  "  r" 

The  available  data  for  benzene 
tnc  c.rte  that  acute  toxicity  to  saltwater 
-  i  t.  rr-rri  4|  concentrations  as 


low  as  5.100  pg/1  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive- than  those 
tested.  No  definitive  data  are  available 
concerning  the  chronic  toxicity  of 
benzene  to  sensitive  saltwater  aquatic 
life,  but  adverse  effects  occur  at 
concentrations  as  low  as  700  pg/1  with  a 
fish  species  exposed  for  168  days.  , 

Human  Health  "  \ 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
:  effects  due  to  exposure  of  benzene' 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  should 
be  zero  based  on  the  non-threshold 
assumption  for  this  chemicaL  However, 
zero  level  may  not  be  attainable  at  the  . 
present  time.  Therefore,  the  levels  which 
'  may  result  in  incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  10~*.  id-*,  and  10'’.  The 
corresponding  criteria  are  8.8  pg/1.  .86 
jig/L  and  .068  pg/L  respectively.  If  the 
above  estimates  are  made  for 
consumption  of  aquatic  qrganisms  only, 
excluding  consumption  of  water,  the 
levels  are  400  pg/1,  40.0  pg/l  and  4.0  pg/ 
L  respectively.  Other  concentrations 
.  representing  different  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is-presented  for  '  * 

'  information  purposes  and  does. not 
represent  an  Agency  judgment  on  an 
"acceptable”  risk  leveL  -  •  *  .  - 

Benzidine  •'  '  -  ' 

Freshwater  Aquatic  Life 

The  available  data  for  benzidine 
^indicate  that  acute  toxicity  to  freshwater 
aquatic .hfe  occurs  at  concentrations  as” 
low  as  2.500  pg/1  and  would  occur  at  ~  ■■ 
lower  concentrations  among  specie; 
that  are  more  sensitive  than  those 
tested.  No  data  are  available  concerning 
'  tbe  chrooic  toxicity  of  benzidine  to  ' 
sensitive  freshwater  aquatic  life.  ’•  *• 

'  Saltwater  Aquatic  Life  '  .  . 

.  “No  saltwater  organisms  have  been 
.  tested  with  benzidine  and  no  statement 
.can  be  made  concerning  acute  and  . 

chronic  toxicity.  ;  _ 

-  .  1  «•  t  ’*  :•*  , . 

HiimanHealth ~  --  *-  , 

For  the  maximum'protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  benzidine 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  should 
be  zero  based  on  the  non-threshold 
assumption  for  this  chemical.  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  leveis  which 
may  result  ia  incremental  increase  of 


cancer  risk  over  the  lifetime  are 
estimated  at  10'*.  10-*.  and  10-’.  In 
'  corresponding  criteria  are  1.2  ng/l  .1 
ng/l,  and  ill  ng/l;  respectively.  Lf  tie 
above  estimates  are  made  for 
'  consumption  of  aquatic  organisms  inly, 
excluding  consumption  of  water,  tic 
levels  are  SJ  ng/l,  .53  ng/l.  and  .0  13/ 

1,  respectively.  Other  concentraticis 
representing  different  risk  levels  r.uy  be 
calculated  by  use  of  the  Guideline.  The 
risk  estimate  range  is  presented  fa 
information  purposes  and  does  no 
represent  an  Agency  judgment  or  in 
"acceptable"  risk  level. 

Beryllium  '  _  - 

Freshwater  Aquatic  Life 

The  available  data  for  berylliun 
indicate  that  acute  and  chronic  tixicity 
to  freshwater  aquatic  life  occurs  it 
'  concentrations  as  low  as  130  am  5.3  pg/ 
1,  respectively,  and  would  occur  .t  lower 
concentrations  among  species  th,t  ere  - 
more- sensitive  than  those  testec 
Hardness  has  a  substantial  effe.  on 
acute  toxicity. 

Soil  water  Aquatic  Life  - 

The  limited  saltwater  data  bn  e 
available  for  beryllium  does  no  permit  , 
any  statement  concerning  acufr  or 
chronic  toxicity.  . 

Human  Health 

.  For  the  maximum  protection  if  human 
health  from  the  potential  cartrjogemc 
effects  due  to  exposure  of  ber'lium 
through  ingestion  of-contaminited  water 
and  contaminated  aquatic  orgmisms. 

.  the  ambient  water  concentrator  should 
be  zero  based  on  the  non-thrr  bold 
'  assumption  for  this  chemicaL  However, 
zero  level  may  not  be  attainarie  at  the 
present  time.  Therefore,  the  Irvels  which 
may  result  In  incremental  increase  of 
cancer  risk  over  the  lifetime  ire 
estimated  at  10"*.  10~\  and  1  The 
corresponding  criteria  are  37  ng/l.  3.7 
.  ng/l.  and  .37  ng/l  respective'/,  lf  -Jae 
above  estimates  are  made  fa 
consumption  of  aquatic  orgtnsms  only, 
excluding  consumption  of  witer.  the 
levels  are  641  ng/i  64.1  ng/'.  and  6  41 
ng/L  respectively.  Other  co:>:cntrations 
.  representing  different  risk  libels  may  be 
calculated  by  use  of  the  Guueiir.es.  The 
risk  estimate  range  is  presided  for 
information  purposes  end  :  res  not 
represent  an  Agency  judgrr  *r.t  or  an 
"acceptable"  risk  level. 

Cadmium  ‘ 

Freshwater  Aquatic  Life 

For  total  recoverable  cc  cmiurr.  tr.e 
criterion  (in  pjt/l)  to  proti :  freshwater 
aquatic  life  as  derived  -;  1.  ; 
Guidelines  is  the  nurr.tr:.'.-  v&lut  g.\en 


by  e* 1  ** 'M,«sa  24-hour 
averege  and  the  concentration  (in  pg/1) 
should  not  exceed  the  numerical  value 
given  by  e°  “  •iht  >9  Bny 

time.  For  example,  a  hardnesses  of  SO. 

100,  and  200  mg/1  es  CaCO,  the  criteria 
are  0.012.  0.025.  and  0.051  pg/L 
respectively,  and  the  concentration  of 
total  recoverable  cadmium  should  not 
exceed  1.5,  3 JO  and  6J  pg/L  respectively, 
at  any  time. 

Saltwater AquaL  Life  '  ' 

For  total  recoverable  cadmium  the 
’  criterion  to  protect  saltwater  aquatic  life 
as  derived  using  the  Guidelines  ts  4.5 
pg/1  as  a  24-hour  average  and  the 
concentration  should  not  exceed  59  pg/1  * 
.  at  any  time. 

Hunan  Health 

The  ambient  water  quality  criterion 
for  cadmium  is  recomqiended  to  be  ~- 
.  identical  to  the  existing  drinking  water 
standard  which  is  10  pg/1.  Analysis  of 
the  toxic  efTects  data  resulted  in  a 
calculated  level  which  is  protective  of 
human  health  1  gainst  the  Ingestion  of 
-  contaminated  water  and  contaminated 
aquatic  organisms.  The  calculated  value 
is  comparable  to  the  present  standard. 

For  this  reason  a  selective  criterion 
based  on  exposure  solely  from  .  - 
consumption  of  6.5  grams  of  aquatic 
organisms  was  not  derived.  '  -  -  ~ 

Carbon  Tetrachloride  '  .  ”  . 

Freshwater  Aquatic  Life  , 

-  The  available  date  for  carbon 
tetrachloride  indicate  that  acute  toxicity 
to  freshwater  aquatic  life  occurs  at 
concentrations  as  low  as  35,200  pg/1  and 
would  occur  at  lower  concentrations 
among  species  that  are  more  sensitive 
than  those  tested.  No  data  are  available 
concerning  the  chronic  toxicity  of_ 
carbon  tetrachloride  to  .sensitive  . 
freshwater  aqoatic  life. 

Saltwater  Aquatic  Life  "  ; 

The  available  data  for  carbon 
tetrachloride  indicate. that  acute  toxicity 
to  saltwater  aquatic  life  occurs  at  : 
.concentrations  es  low  as  50,000  pg/1  and  - 
would  occur  at  lower  concentrations  • 
among  species  that  are  more  sensitive  • 
that  those  tested.  No  data  are  available 
concerning  the  chronic  toxidty  of  ■ 

carbon  tetrachloride  to  sensitive-  1  '  ■; 
saltwateruquatic  life.  1  .---i  -  .r 

Hunan  Health  -  - 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic, 
effects  due  to  exposure  of  carbon  ' 
tetrachloride  through  Ingestion  of 
contaminated  water  and  contaminated 
aquatic  organisms  the  ambient  water 
concentration  should  be  zero  based  on 


the  non-threshold  assumption  for  this 
chemical.  However,  zero  level  may  not 
be  attainable  at  the  present  time. 
Therefore,  the  level*  which  may  result  In 
Incremental  Increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  10"*,  10"*. 
and  10"’.  The  corresponding  criteria  are 
4.0pg/L  .40  pg/L  and  .04  pg/L 
respectively.  If  the  above  estimates  are 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consumption 
of  water,  the  levels  are  69.4  pg/L  6.94 
pg/L  and  .69  pg/L  respectively.  Other 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range 
is  presented  for  information  purposes 
and  does  not  represent  sn  Agency 
judgment  on  an  “acceptable”  risk  level 

Chlordane  - 

Freshwater  Aquatic  Life 

For  chlordane  the  criterion  to  protect 
freshwater  aquatic  life  as  derived  using 
/the  Guidelines  is  0.0043  pg/1  es  a  24- 
bour  average  and  the  concentration 
should  not  exceed  2.4  pg/1  at  any  time. 

Saltwater  Aquatic  Life  **  ' 

-  For  chlordane  the  criterion  to  protect  * 
aaltwater  aquatic  life  as  derived  using 
the  Guidelines  is  0.0040  pg/1  as  a  24- 
hour  average  and  the  concentration 
.  should  not  exceed  0.09  pg/1  at  any  time. 

Human  Health  ...  _/  ...  __ 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due. to  exposure  of  chlordane 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  should 
be  zero  based  on  the  non-threshold 
assumption  for  this  dbemicaL  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
znay  result  in  incremental  increase  of  — 
cancer  risk  over.lhe  lifetime  are 
estimated  at  10’*,  ltr*.  and  10"’.  The 
corresponding  criteria  are  4.8  ng/L  .46 
ng/L  and  .046  ng/L  respectively.  If  the- 
above  estimates  are  made  for . 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  4.B  ng/L  .48  ng/1,  and  .048  ng / 

L  respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for 
Information  purposes  and  does  not 
represent  an  Agency  judgment  on  a!n 
“acceptable"  risk  level. 

Chlorinated  Benzenes 

Freshwater  Aquatic  Life 

The  available  data  for  chlorinated 
benzenes  indicate  that  acute  toxicity  to 
freshwater  aquatic  life  occurs  at 


concentrations  as  low  es  25  ..g/1  and 
would  occur  at  lower  concc  vshons 
among  species  that  are  ncr  .ensilive 
than  those  tested.  No  date  rr  available 
concerning  the  chronic  tox::‘.y  of  the 
more  toxic  of  the  chlorinate  benzenes 
to  sensitive  freshwater  aqunclife  but 
"toxicity  occurs  at  concentraioas  as  low 
as  SO  pg/1  for  a  Osh  species  opposed  for 
7  J  daya. 

Saltwater  Aquatic  Life 

The  available  data  for  chhrinated 
benzenes  indicate  that  acut  and 
chronic  toxicity  to  saltwate  aquatic  life 
occur  at  concentrations  as  bw  as  160 
and  129  pg/L  respectively,  xd  would 
occur  at  lower  concentration  among 
spedes  that  are  more  sensltve  than 
those  tested.  ' 

Human  Health 

For  the  maximum  prolecton  of  human 
health  from  the  potential  ca noogenic 
effects  due  to  exposure  of 
hexachlorobenzene  througl  hgestion  of 
contaminated  water  and  ccnaminated 
aquatic  organisms,  the  ambent  water 
concentration  should  be  zen  based  on 
the  Don-threshold  atsumplic  for  this 
chemicaL  However,  zero  leal  may  not 
be  attainable  at  the  presen.tiae. 
Therefore,  the  levels  which  r.ay  result  in 
incremental  increase  of  career  risk  over 
the  lifetime  are  estimated  a  10**.  10"*. 
and  10*’.  The  correspondm; 
recommended  criteria  art  *2  ng/L  -72 
ng/1,  and  .072  ng/L  respectvtly.  If  the 
above  estimates  are  made  n: 
consumption  of  aquatic  org.rJsms  only, 
excluding  consumption  of  vater.  the 
levels  are  7.4  ng/L  J4  ng/1.  rnd  .074  ng/ 

L  respectively. 

For  the  protection  of  hunan  health 
from  the  toxic  properties  o  12L4.5- 
tetr  a  chlorobenzene  ingestei  through 
_  water  and  contaminated  amatic 
organisms,  the  ambient  waer  criterion 
is  determined  to  be  36  pg/1 

For  the  protection  of  buntn  health 
from  the  toxic  properties  o'U.4.5- 
tetrachlorobenzene  ingestcr  through 
contaminated  aquatic  orgausms  alone, 
the  ambient  water  crilerioi  is 
determined  to  be  48  pg/1. 

For  the  protection  of  hunBn  health 
from  the  toxic  properties  o 
pentachlorobenzeoe  ingesi-d  through 
water  and  contaminated  atuatic 
organisms,  the  ambient  wi.er  criterion 
is  determined  to  be  74  pg/. 

For  the  protection  of  hur.-n  health 
bom  the  toxic  properties  0 
pentachlorobenzene  ingetvc  through 
contaminated  aquatic  orgi.i.txs  alone, 
the  ambient  water  cnleno:  :s 
determined  to  be  65  pg/1 

Using  the  present  guide ines,  a 
satisfactory  criterion  cannii  be  derived 


& 


f* 


n  *  - 


at  this  time  due  to  the  Insufficiency  in 
the  available  data  for  trichlorobenzene. 

For  comparison  purposes,  two 
approaches  were  used  to  derive 
criterion  levels  for  monochlorobenzene. 
Based  on  available  toxicity  data,  for  the 
protection  of  public  health,  the  derived 
•  level  la  488  pg/1.  Using  available.  _  ' 

organoleptic  data,  for  controlling 
undesirable  taste  and  odor  quality  of  '  ’  ~ 
ambient  water,  the  estimated  level  is  20  • 
pg/L  It  should  be  recognized  that  , 
organoleptic  data  as  a  basis  for  _ 
establishing  a  water  quality  criteria'  ~ 

'  have  limitations  and  have  no  .  ”"*r 

demonstrated  relationship  to  potential 
adverse  human  health  effects.  ■  .  ( 

Chlorinated  Ethane* 

Freshwater  Aquatic  Life  —  -  - 

The  available  freshwater  data  for 
chlorinated  ethanes  Indicate  that 
toxicity  increases  greatly  with  • 
increasing  chlorination,  and  that  acute 
toxicity  occurs  at  concentrations  as  low  .? 
as  118.000  pg/l  for  1.2-dichloroethane, 
18.GOO  pg/I  for  two  trichloroethanes,  ' ; 
9.320  pg/l  for  two  letrachloroethanes.  V  . 
7.240  pg/1  for  pentachloroethane.  and 
980  pg/1  for  hexachloroethane.  Chronic 
toxicity  occurs  at  concentrations  as  low  - 
as  noo  pg/1  for  1.2-dichloroethane,  "  j  • 
9.4ou  pg/1  for  1.1. 2-tri  chloroethane.  2,400  ‘ 
pg/rfor  1.1,2.2,-tetrachIoroethane.  1JOO 
pg/1  for  pentachloroethane.  and  840  pg/1  ; 
for  hexachloroethane.  Acute  and  *-  •  t'r?“ 
chronic  toxicity  would  occur  at  lower  -5^ 
concentration*  among  species  that  are' 
more  sensitive  than  those  tested.  ■ 

Sal  tv.- a  ter  Aquatic  Life..  ~  ,  "•  "y.  • 

The  available  saltwater  data  for  -  -  ^  ■ 
chlorinated  ethanes  indicate  that  • 
toxicity  increases  greatly  yrith  •  J  ‘i • 
Increasing  chlorination  and  that  acute  -  *  •“ 
toxicity  to  fish  and  invertebrate  spedes  ■■“‘f 
occurs  at  concentrations  a*  low  as  ’  j-V- 
113.000  pg/1  for  1-2-dichloroethane, 

31.200  pg/1  for  1.1.1-trichloroethane.  “ 
9.020  pg/l  for  1.1^.2-tetraddoroethane.'''” 
390  pg/1  for  pentachloroethane;  and  940 
.  pg/1  for  hexachloroethane.  Chronic 
toxicity  occur*  at  concentrations  as  kr*v~- 
aa  281  pg/1  for  pentachloroethane.  Acute-' 
and  chronic  toxidty  would  occur  at  '  _ 
lower  concentrations  among  species” 
that  are  more  sensitive  than  those  "  • 

tested.  '  y-ii-Jr 

'  ~.T  3 

Human  Hedth  . .  .,  w  v  - 

For  the  maximum  protection  of  bam  ah 
heelth  from  the  potential  carcinogenic 
effects  due  to  exposure  o J  1.2-di-  _  ' 

chloroelhane  through  Ingestion  of  **' 
contaminated  water  tnd  contaminated 
aquatic  organisms,  the  smbient  water  ' 
concentraticm  should  be  zero  based  on 
the  non-threshold  assumption  for  this 


cbernical.  However,  zero  level  may  not 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  result  In 
Incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  10* *.10'*. 
and  10*’.  The  corresponding  criteria  are 
9.4  pg/1.  .94  pg/L  and  .094  pg/L 
respectively.  If  the  above  estimates  are  - 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consumption 
of  water,  the  levels  axe  2.430  pg/l  243 
pg/l  and  24 J  pg/1  respectively.  Other 
.  concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range 
Is  presented  for  information  purposes 
and  does  not  represent  an  Agency 
Judgment  on  an  “acceptable"  risk  leveL 
-  For  the  protection  of  human  health 
from  the  toxic  properties  of  1.1.1-  .  _  ; 

trichlo  roe  thane  ingested  through  water 
and  contaminated  aquatic  organism,  the 
ambient  water  criterion  is  determined  to 
"be  18.4  mg/L  ; 

For  tbe  protection  of  human  health 
from  the  toxic  properties  of  l.lJL-tri-  _ 
chloroethane  Ingested  through 
contaminated  aquatic  organisms  alone. 

■  the  ambient  waTer  criterion  is 
determined  to  be  1.03  g/L 
.  For  tbe  maximum  protection  of  human  • 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  1.1  Jt-  .  .  •  -  - 
tri chloroethane  through  bagestion  of  .*  ”■ 
contaminated  water  and  contaminated 
aquatjc  organisms,  the  ambient  water 
concentration  should  be  zero  based  on  . 
the  non-threshold  assumption  for  this  '  * 
chemical  However,  zero  level  may  not 
beattainable  at  the  present  time. . 
Therefore,  the  levels  which  may  result  in 
incremental,  increase’  of  cancer  risk  over 
the  lifetime  are  estimated  at  10”’.  10”*, 
and  10”  V The  corresponding  criteria  are 
B-0  pg/1.  8  pg/l  and  X»  pg/l  .  - 

respectively.  If  the  above  estimates  are 
made  far  consumption  of  aquatic 
organisms  only,  excluding  consumption  - 
of  water,  the  levels  are  418  pg/l  41.8  ‘ 
pg/l  and  4.18  pg/1  respectively.  Other 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range 
is  presented  for  information  purposes 
and  does  not  represent  an  Agency  , 

judgment  on  an  "acceptable”  risk  leveL 
.  For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  l.l,2_2-tetia- 
chloroethane  through  Ingestion  of 
contaminated  water  and  contaminated 
aquatic  organisms,  the-arobient  water 
concentration  should  be  zero  based  on 
the  non-threshold  assumption  for  this 
chemical  However,  zero  level  may  not 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  result  in 
incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  ltT*.  10”*. 


and  10"’.  The  corresponding  cr.t.-’.a  are 
1.7  pg/1.  .17  pg/1.  ar.d  .017  pg/1. 
respectively.  If  the  above  estirr.  ;ts  are 
made  for  consumption  of  aquat; 
organisms  only,  excluding  cor.xj-ption 
of  water,  the  levels  are  107  pg /.  '.07 
pg/l  and  1.07  pg/l  respectively  Other  ' 
concentrations  representing  diftrent 
risk  levels  may  be  calculated  byrse  of 
the  Guidelines.  The  risk  estimat  range 
is  presented  for  Information  puruses 
and  does  not  represent  an  Ager.y 
Judgment  on  an  “acceptable"  ni  leveL 

For  the  maximum  protection  o  human 
health  from  the  potential  carcimgenic 
effects  due  to  exposure  of  bexa- 
chloroethane  through  Ingestion  if 
contaminated  water  and  contac-rsted 
aquatic  organisms,  the  ambient  vater 
concentration  should  be  zero  baed  on 
the  non-threshold  assumption  fc  this 
chemical  However,  zero  level  nzy  not 
be  attainable  at  the  present  time 
Therefore,  the  levels  which  may  result  in 
incremental  increase  of  cancer  zsk  over 
the  lifetime  are  estimated  at  10”.  10"'. 

'  and  10”’.  Tbe  corresponding  eritria  are 
19  pg/L  1.9  pg/l  and  .19  pg/L 
respectively.  If  the  above  estim.ies  are 
made  for  consumption  of  aquati: 
organisms  only,  excluding  consumption 
of  water,  the  levels  are  87.4  pg/.  874 
pg/1.  and  87  pg/1.  respectively  Dther 
concentrations  representing  dift  rent 
risk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range 
is  presented  for  information  punoses 
and  does  not  represent  an  Agen.y 
judgment  on  an  "acceptable"  m.  leveL 

Using  the  present  guidelines,  i 
satisfactory  criterion  cannot  be  ierived 
at  this  time  due  to  the  lnsufficieiry  in 
the  available  data  for 
monochloroethane. 

Using  the  present  guidelines,  i 
satisfactory  criterion  cannot  be  ierived 
at  this  time  due  to  the  insufficieicy  in 
the  available  data  for  1.1,- 
dichloroethane. 

Using  the  present  guidelines,  i 
satisfactory  criterion  cannot  be  rer.ved 
at  this  time  due  to  the  insufficieicy  in 
tbe  available  data  for  1.1.1.2- 
tetrachlorqelhaoe. 

Using  the  present  guidelines,  i 
satisfactory  criterion  cannot  bt  :enved 
at  this  time  due  to  the  insufficieicy  in 
the  available  data  for  „ 

pentachloroethane. 

Chlorinated  Naphthalenes 

Freshw  ater  Aquatic  Life 

The  available  data  for  chloru-Zed 
naphthalenes  indicate  that  acu:: 
toxicity  to  freshwater  aquatic  Li  occurs 
at  concentrations  as  low  as  1.82:  pg/1 
and  would  occur  at  lower 
concentrations  acnor.g  species  are 
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more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
chronic  toxicity  of  chlorinated 
naphthalenes  to  sensitive  /reshwater 
aquatic  life.  '  .- 

Saltwater  Aquatic  Life  . 

The  available  data  for  chlorinated 
napthalenes  indicate  that  acute  toxicity 
to  saltwater  aquatic  Lie  occurs  at  —  . 
concentrations  as  low  as  7 S  pg/1  and 
would  occur  at  lower  concentration* 
among  species  that  are  more  sensitive 
than  those  tested.  No  data  are  available 
concerning  the  chronic  toxicity  of 
chlorinated  naphthalenes  to  sensitive 
saltwater  aquatic  life. 

Human  Health  v 

Using  the  present  guidelines,  a 
satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  insufficiency'  in 
the  available  data  for  chlorinated 
napthalenes.  -  .  .  .  •  _ 

Chlorinated  Phenols 

Fresh  water  Aquatic  Life  '  < 

The  available  freshwater  data  for 
chlorinated  phenols  indicate  that 
toxicity  generally  increases  with  ' 
increasing  chlorination,  end  that  acute 
toxicity  occurs  at  concentrations  es  low 
as  30  pg/1  for  <-chloro-3-methylphenol  to 
greater  than  500.000  pg/I  for  other  ■ 

compounds.  Chronic  toxicity  occurs  at 
concentrations  as  low  as  970  pg/1  for 
2.4.6- trichloropheno'l.  Acute  and  chronic . 
toxicity  would  occur  at  lower  ■  • 
concentrations  among  species  that  are 
more  sensitive  than  those  tested. 

Saltwater  Aquatic  Life  : '  "  f  ■  r  ~.y  ■  _ 

The  available  saltwater  data  for 
chlorinated  phenols  indicate  that  .  . 
toxicity  generally  increases  with  '  ,.*• ,  - 
Increasing  chlorination  and  that  acute 
toxicity  occurs  at  concentrations  as  low 
as  440  pg/1  for  2.3.5,6-tetrachloropbenol  , 
end  29.700  pg/1  for  4~ch)orophenoL  . 
Acute  toxicity  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No  . 
data  are  available  concerning  the  •  .  -  • 
chronic  toxicity  of  chlorinated  phenols 
to  sensitive  saltwater  aqua  tic  life.  _  _  . 

Humaa  Health  _  ;•  i  J 

Sufficient  data  is  not  available  for  3-  • 
monochloropbenol  to  derive  a  level 
which  would  protect  against  the 
potential  toxicity  of  tins  compound.  ■ 
Using  av  ailable  organoleptic  date,  for 
control),  eg  undesirable  taste  and  odor 
quality  c.'  ambient  water,  the  estimated 
level  it  C.l  pg/1.  It  should  be  recognised 
that  organoleptic  data  as  a  basis  for 
establishing  t  water  qualify  criteria 
have  h.T.itrt.or.s  and  have  no 


demonstrated  relationship  to  potential 
adverse  human  health  effects. 

Sufficient  data  is  not  available  for  4- 
monochlorophenol  to  derive  a  level 
which  would  protect  against  the 
potential  toxicity  of  this  compound. 
Using  available  organoleptic  data,  for 
controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
level  Is  0.1  pg/L  It  should  be  recognized 
that  organoleptic  data  at  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no  __  — 

'  demonstrated  relationship  to  potential 
adverse  human  health  effect*. 

Sufficient  date  it  not  available  for  2.3- 
dichlorciphenol  to  derive  a  level  which  _ 
would -protect  against  the  potential 
toxicity  of  this  compound.  Using 
available  organoleptic  data,  for 
controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
level  is  .04  pg/L  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no  ' 
demonstrated  relationship  to  potential 
‘  adverse  human  health  effects. 

Sufficient  data  is  not  available  for  2.5- 
dichlorophenol  to  derive  a  level  which 
would  protect  against  the  potential 
toxicity  of  this  compound.  Using  - 
available  organoleptic  data,  for 
.  controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
level  is  .5  pg/L  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  Rave  no 
demonstrated  relationship  to  potential 
adverse  human  health  effects.  v 

•  Sufficient  data  is  not  available  for  2,6- 
dichlorophenol  to  derive  a  level  which 
would  protect  against  the  potential  - 
toxicity  of  this  compound.  Using  •• 

,  available  organoleptic  data,  for  ~ 

"  controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
level  is  2  pg/L  It  should  be  recognized 
that  orgBnoleptic  data  es  a  basis  for 
establishing  a  water  quality  criteria 
_  have  limitations  and  have  no 
demonstrated  relationship  to  potential 
adverse  human  health  effect*. 

Sufficient  data  is  not  available  for  3.4- 
dichlorophenol  to  derive  a  level  which 
would  protect  against  the  potential 
toxidty  of  this  compound.  Using 
available  organoleptic  data,  for 
controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
levelis  J  pg/1  It  should  be  recognized 
that  organoleptic  data  as  a  basis  (or 
establishing  a  water  quality  criteria 
have  limitations  and  have  no 
demonstrated  relationship  to  potential 
adverse  human  health  effects. 

Sufficient  data  is  Dot  available  for 
ZJ^.h-icirachloropbcno!  to  derive  a 


level  which  w  ould  pro’ect  a:  :-.st  the 
potential  toxicity  of  this  cc~  -  und 
Using  available  organolept;  na.  for 
controlling  undesirable  tasti  r.d  odor 
quality  of  ambient  water,  th  st.meird 
level  is  1  pg/1  It  should  be  rtrgr.ired 

that  organoleptic  data  as  a  bus  for 

establishing  a  water  quality  niena 
have  limitations  and  have  m 
demonstrated  relationship  t<  '’otcr.tiel 
adverse  human  health  effect- 
For  comparison  purposes  wo 
approaches  were  used  to  derve 
criterion  levels  for  2.4.5-trichcrophenol. 
Based  on  available  toxicity  eje.  for  the 
protection  of  public  health.  H  derived 
'.level  is  2.6  zng/L  Using  avail  tile 
organoleptic  data,  for  contrcLng 
.  undesirable  taste  end  odor  c  zlity  cf 
ambient  water,  the  estimate!  rvel  is  10 
pg/1.  It  should  be  recognizee  hat 
organoleptic  data  as  a  basis  or 

-  establishing  a  water  quality  riteria 
’  have  limitations  and  have  ni 

demonstrated  relationship  ti  potential 
adverse  human  health  effect. 

For  the  maximum  protectin'.  of  human 
health  from  the  potential  carcnogemc 
effects  due  to  exposure  of  2.-.S- 

-  trichlorophenol  through  ingeuon  of 
contaminated  water  and  consminaled 
aquatic  organisms,  the  ambunt  water 
concentration  should  be  zeri  based  on 
the  non-threshold  assumptic;  for  this 
chemical.  However,  zero  lev  i  may  not 
be  attainable  at  the  present  tme. 
Therefore,  the  levels  which  cay  result  in 
incremental  increase  of  canc-r  nsk  oxer 
the  lifetime  are  estimated  a:  CT*.  10'*, 
end  10*’.  The  corresponding  rnite.-.a  are 

12  pg/L  1.2  pg/1,  and  .12  pg  ’ 
respectively.  Lf  the  above  esumates  are 
made  for  consumption  of  aqianc 
organisms  only,  excluding  err. sumption 
of  water,  the  level*  are  36  pg  L  3  6  pg/L 
and  .36  pg/L  respectively.  CUrer 
concentrations  representing  lifferent 
risk  levels  may  be  calculate!  by  use  of 
the  Guidelines.  The  risk  estir.ete  range 
.  is  presented  for  information  rurposes 
and  does  not  represent  an  A-.ncy 
judgment  on  Bn  "acceptable'  nsk  level. 

U»ing  available  organolepic  data,  for 
.controlling  undesirable  last!  rod  odor 
quality  of  ambient  water,  th;  estimated 
level  is  2  pg/L  It  should  be  rv-ognized 
that  organoleptic  data  as  a  ti.sis  for 
establishing  a  water  qua'it)  mitcnon 
have  limitations  and  have  nr 
demonstrated  relationship  t:  potential 
adverse  human  health  effec: 

Sufficient  data  is  not  eve.  .ole  for  2- 
mei>.)i-4-chloropbeno!  to  ci  *  e  t  live! 

-  which  would  protect  again;  try 
potential  tcxicity  of  this  cc r  round 
Using  available  organolept.:  oata  fer 
controlling  undesirable  tar:  rod  odor 
quality  of  ambient  water.  r  •  estimated 
level  is  1600  pg  M.  It  should  : 


-.ose 


dcircnstrslrd  relstionshlt'  to  potential 
advert e  human  health  effects. 

Chromium 

Freshwater  Aquatic  Life 

For  total  recoverable  hcxavalent 
chromium  the  criterion  to  protect 
„  freshwater  aquatic  life  at  derived  using 
the  Guidelines  it  0.29  gig/1  at  a  24-hour 
average  and  the  concentration  thould 
not  exceed  21  pg/1  at  any  time. 

For  freshwater  aquatic  life  the  ■ 
concentration  (In  gig/1)  of  total 
recoverable  trivalent  chromium  should 
not  exceed  the  numerical  value  given  by 
“e(l-C3jln(hardness))  +  3.48)”  at  any 
time.  For  example,  at  hardnesses'  of  50. 
100  and  200  mg/1  as  CaCO>  the 
concentration  of  total  recoverable 
trivalent  chromium  should  not  exceed 
2.200.  4.700.  and  6.900  pg/1,  respectively, 
at  any  time.  The  available  data  indicate 
that  chronic  toxicity  to  freshwater 
aquatic  life  occurs  at  concentrations  as 
low  a  44  pg/1  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested. 

Saltwater  Aquatic  Life 

For  total  recoverable  hexavalent 
chromium  the  criterion  to  protect  *  - 
saltwater  aquatic  life  as  derived  using 
the  Guidelines  is  18  pg/1  as  a  24-bour 
average  and  the  concentration  should  '  . 
not  exceed  1,260  gig/1  at  any  time.  . 

For  lotal  recoverable  trivalent 
chromium,  the  availabe  data  indicate 
that  acute  toxicity  to  saltwater  aquatic 
life  occurs  at  concentrations  as  low  as 
10.300  pg/1.  and  would  occur  at  lower 
concentrations  amoung  species  that  are 
more  sensitive  than  those  tested.  No_ 
■data  are  available  concerning  the 
chronic  toxicity  of  trivalent  chromium  to 
sensitive  saltwater  aquatic  life.  ,  j".  "V» 

Human  Health  -  '  1  <"•  T'' 

* 

For  the  protection  of  human  health 
from  the  toxic  properties  of  Chromium 
III  ingested  through  water  and 
contaminaled  aquatic  organisms,  the  '  — 
ambient  water  criterion  is  determined  to 
be  170  rng/1. 

For  the  protection  of  human  health  — 
from  the  toxic  properties  of  Chromium 
III  ingested  through  contaminated 
aquatic  organisms  alone,  the  ambient  '  - 
water  criterion  is  determined  to  be  3433  - 
rog/L  -  v  '  '  '  '  • 

The  ambient  water-quality  criterion 
for  total  Chromium  V]  is  recommended 
to  be  identical  to  the  existing  drinking 
water  standard  which  is  50  pg/1 
Analysis  of  the  toxic  effects  data 
resulted  in  a  calculated  level  which  is 
protective  of  human  health  against  the 
ingestion  of  contaminated  water  and 
contaminated  aquatic  organisms  The 


calculated  value  is  comparable  to  the 
present  standard  For  this  reason  a 
selective  criterion  based  on  exposure 
solely  from  consumption  of  6.5  grams  of 
aquatic  organisms  was  not  derived. 

Copper 

Freshwater  Aquatic  Life 

For  total  recoverable  copper  the 
criterion  to  protect  freshwater  aquatic 
.  life  as  derived  using  the  Guidelines  is  5.8 
pg/1  as  a  24-hour  average  and  the 
concentration  (in  gig/t]  should  not 
exceed  the  numerical  value  given  by 
e(0.94[lnfbardneas))-1.23)  at  any  time. 

For  example,  at  hardnesses  of  50, 100. 
and  200  mg/1  GaCO,  the  concentration 
of  total  recoverable  copper  should  not  ' 
exceed  12  22.  and  43  gig/1  at  any  time. 

Saltwater  Aquatic  Life 

For  total  recoverable  copper  the 
criterion  to  protect  saltwater  aquatic  life 
as  derived  using  the  Guidelines  is  4.0 
pg/J  aa  a  24-hour  average  and  the 
concentration  should  Dot  exceed  23  gig/1 
at  any  time. 

Human  Health  •  *  .  .  ■  - 

Sufficient  data  is  not  available  for  - 
copper  to'derive  a  level  which  would 
protect  againat  the  potential  toxicity  of 
this  compound.  Using  available  “  .  '  * . 
organoleptic  data,  for  controlling 
undesirable  taste  and  odor  quality  of 
ambient  water,  the  estimated  level  »  1 
mg/1.  It  should  be  recognized  that 
organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no 
demonstrated  relationship  to  potential 
adverse  human  health  effects. 

Cyanide  1.  ..  I  •  - 

Freshwater  Aquatic  Life 

Eor  free  cyanide  (sum  of  cyanide 
present  as  HCN  and  CN”,  expressed  as 
CN)  the  criterion  to  protect  freshwater 
aquatic  life  as  derived  using  the 
'  Guidelines  is  3.5  gxg/1  as  a  24-hour 
average  and  the  concentration  should 
not  exceed  52  gig/1  at  any  time.  ^ 

Saltwater  Aquatic  Life  .  v  . 

The  available  data  for  free  cyanide 
(sum  of  cyanide  present  as  HCN'  and  .. 
CN*.  expressed  as  CN)  indicate  that  - 
acute  toxicity  to  saltwater  aquatic  life 
.  occurs  at  concentrations  as  low  as  30 
gig/1  and  would  occur  at  lower  „  . 
concentrations  among  species  that  are 
more  sensitive  than  those  tested  If  the 
acute-chronic  ratio  for  saltwater 
organisms  is  similar  to  thal  for 
freshwater  organisms,  chronic  toxicity 
would  occur  at  concentrations  as  low  as 
2-0  gig/1  for  the  tested  species  and  at 
lower  concentrations  among  species 


that  are  more  sensitive  t.i :  t> 
tested. 

Human  Health 

The  embienl  water  qu_';.  criterion 
for  cyanide  is  recommcnu  :  to  be 
identical  to  the  existing  c:txmg  water 
'  standard  which  is  200  gig/.  Analysis  of 
the  toxic  effects  data  result d  in  a 
calculated  level  which  Is  rt'.ective  of 
human  health  egainst  the  i.:*s!ior.  of 
contaminated  water  end  c:  laminated 
aquatic  organisms.  The  ca:-Jated  value 
is  comparable  to  the  prese;-.  standard. 
For  thia  reason  a  selective  nterion 
basecTon  exposure  solely  torn 
consumption  of  8.5  grams  c  aquatic 
organisms  wes  not  derivec 

DDT  and  Metabolites 
Fresh  water  Aqua  tic  Life 
DDT 

For  DDT  and  its  metabolit  s  the 
criterion  to  protect  freshwet:  aquatic 
life  as  derived  using  the  Gut. rimes  is 
0.0010  pg/1  as  a  24-hour  aver.ge  and  the 
concentration  should  not  exc-ed  1.1  gig/1 
at  any  time. 

TDE  ' 

The  available  data  for  TDI  indicate 
that  acute  toxicity  to  freshw.,er  aquatic 
life  occurs  at  concentrations  :s  low  as 
0.8  gig/I  and  would  occur  at  i-wer 
concentrations  among  specie  that  are 
more  sensitive  than  those  lesi-d.  No 
data  are  available  concerning  he  — 
chronic  toxicity  of  TDE  to  se.utive 
freshwater  aquatic  life. 

DDE 

The  available  data  Tor  DDE  ndicate 
that  acute  toxicity  to  freshwaur  aquatic 
life  occurs  at  concentrations  e  low  as 
1.050  gtg/1  and  would  occur  at  uwer 
concentrations  among  species  hat  are 
more  sensitive  than  those  teste:.  No 
data  are  available  concerning  Ue 
chronic  toxicity  of  DDE  to  sensttve 
freshwater  aquatic  life. 

Saltwater  Aquatic  Life 

DDT 

For  DDT  and  its  metabolites  ue 
criterion  to  protect  saltwater  sciatic  life 
as  derived  using  the  Guideline:  ;  0  0010 
gxg/l  as  a  24-hour  average  and  tie 
concentration  should  not  excee:  3  13 
gig/1  at  any  time.  ' 

TDE 

The  available  data  for  TDE  ir.c.  cate 
(hat  scute  toxicity  to  saltwater  i  i-iatic 
life  occurs  at  concentrations  as  as 
3.6  gig/1  and  would  occur  at  lowr 
concentrations  among  species  >  are 
more  sensitive  than  those  tested  '-o 
date  ere  available  concerning  the 
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chronic  toxicity  of  TDE  tosrr.sitive 
saltwater  aquatic  li/a. 


The  evailable  data  for  DDE  Indicate 
that  tente  tcxicity  to  saltwater  aquatic 
life  occurs  at  concentrations  as  low  as 
.  14  jig/1  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
chronic  toxicity  of  DDE  to  sensitive 
saltw  ater  aquatic  life. 

Humcrt  Health  .  ■ — . ... 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  o7  DDT  through’ 
Ingestion  of  contaminated  water  and 
contc.r.inflted  aquatic  organisms,  the 
ambient  water  concentration  should  be 
zero  based  on  the  non-threshold 
assumption  for  this  chemical.  However, 
zero  level  may  not  be  attainable  at  the  ' 
present  time.  Therefore,  the  leveb  which 
may  result  In  Incremental  increase  of 
cancer  risk  over  the  lifetime  ane 
estimated  at  10**.  10**.  and  10"’.  The 
.  corresponding  criteria  are  .24  ng/L-024 
ng/L  and  .0024  ng/t,  respectively.  If  the 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  .24  ng/1.  .024  ng/1.  and  .0024 
ng/1.  respectively.  Other  concentrations ' 
representing  different  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The  ~ 
risk  estimate  range  b  presented  for  ' 
Information  purposes  and  does  not  *" 

representan  Agency  Judgment  of  an  ’ 
“acceptable”  risk  leveL 

Dichlorobenzenes  - 

.  .*  *Ti-  /  ;  ^ 

Freshwater  Aquatic  Life . 'r 

The  available  data  for  * 

dichlorobenzenes  indicate  that  acute  - 

and  chronic  toxicity  to  freshwater 
aquatic  life  occurs  at  concentrations  as 
low  as  1.120  and  763  jig/L  respectively, 
and  would  occur  at  lower  .  - 

concentrations  among  species  that  are 
more  sensitive  than  those  tested.  ’’  ** 

Saltwater  Aquatic  Life  •  *  .  *" 

The  available  data for  *  -\ 

dichlorobenzeces  indicate  that  acute 
toxicity  to  saltwater  aquatic  life  occur* 
at  concentrations  as  low  as  1,970  jig/|  *  • 
and  would  occxir  at  lower  :  '  - 

concentrabons  among  species  that  are  ‘ 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
chronic  toxicity  of  dichlorobenzeces  to 
sensitive  saltwater  aquatic  life. 

Human  Health 

Tot  the  protection  of  human  health 
from  the  toxic  properties  of 
dichlorobenzenes  (ai!  nosers)  ingested 


through  water  and  contaminated  aquatic 
organisms,  the  ambient  water  criterion 
is  defennined  to  be  400  jig/L 
For  the  protection  of  human  health 
from  the  toxic  properties  of 
dichlorobenzenes  (all  isomers)  ingested 
througlf  contaminated  aquatic  organisms 
alone,  the  ambient  water  criterion  is 
determined  to  be  2.6  mg/I.. 

Dichlorobenzidine* 


..  Freshwater  Aquatic  Life 

The  data  base  avallable  for  - 
'  dichlorobenzi dines  and  freshwater  '  ' 
organisms  b  limited  to  one  test  on 
biocon  centra  Uon  of  3  J’- 
dJchlorobenzidine  and  no  statement  can 
be  made  concerning  acute  or  chronic 
toxicity. 

Saltwater  Aquatic  Life  * 

I 

’.  No  saltwater  organisms  have  been, 
tested  with  any  dichlorobenzidine  end 
no  statement  can  be  made  concerning 
acute  ox  chronic  toxicity. 

Human  Health 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic  - 
effects  due  to  exposure  of  . 
dichlorobenzidine  through  ingestion  of. 

4  contaminated  water  and  contaminated 
.  aquatic  organisms,  the  ambient  water  -• 
.  concentration  should  be  zero  base  on  •• 
the  non-threshold  assumption  for  this 
chemicaL  However,  zero  level  may  not 
be  attainable  at  the  present  time, 
Thereforerthe  leveb  which  may  result  in 
Incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  10*',  10**, 
and  10*’.  The  corresponding  criteria  are 
.103  jxg/l  .0103  pg/1.  and  .00103  jig/l, 
respectively.  If  the  above  estimates  are 
.made  for  consumption  of  aquatic  - 
organisms  only,  excluding  consumption 
of  water,  the  leveb  are  -204  fig fj,  .0204  , 

-  fig/l  and  .00204  ft g/L  respectively. 

Other  concentrations  representing 
different  risk  levels  may  be  calculated 
by  use  of  the  Guidelines.  The  risk 
estimate  range  is  presented  for 
information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
"acceptable"  risk  level 

Dichlo  methylenes  —  .• 

Freshwater  Aquatic  Life  ..  . 

.'  The  available  data  for 
dichloroethylenes  indicate  that  acute 
toxicity  to  freshwater  aquatic  life  occurs 
at  concentrations  as  low  as  11. COO jjg/l 
ar.d  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No 
definitive  data  are  available  concerning 
the  chronic  toxicity  of  dichiorethylenes 
to  sensitive  freshwater  aquatic  life. 


ic  Saltwater  Aquatic  Life 

The  available  data  fe: 
dichiorethylenes  ir.dica!  ‘.at  acute 
toxicity  to  saltwater  aqu:  :  t.fe  occur, 
at  concentrations  as  low  •  224.000  jig. 
and  would  occur  at  lowe 
J  concentrations  among  spcies  that  are 
*  more  sensitive  than  thosi  rsted-  No 
data  are  available  concemng  the 
chronic  toxicity  dichloroe-y’enes  to 
aeruitive  saltwater  aqoah  Life. 

Human  Health 

For  the  maximum  proterm  of  huroai 
•  health  from  the  potential  crcinogenic 
effects  due  to  exposure  of 
1,1-dichloroethylene  throur  Ingestion  o 
contaminated  water  and  cc  tax.inated 
aquatic  organisms,  the  amtint  water 
concentration  should  be  zer  based  on 
the  non-threshold  assumption  for  this 
chemical.  However,  zero  le  i!  may  not 
„  be  attainable  at  the  present  ixe. 
Therefore,  the  leveb  which  cay  result  in 
incremental  Increase  of  carer  risk  over 
the  lifetime  are  estimated  a:. 0**.  10"*. 
and  10*’.  The  correspondin;  riteria  are 
.33  jig/!.’ .033  jig/1,  and  .0032  g/L 
respectively.  If  the  above  esunates  axe 
made  for  consumption  of  aqu  tic 
.  organisms  only,  excluding  cr -  rmption 
of  water,  the  levels  are  18.5  jz/1. 1  85 
jig/L  and  .165  fig/L  respectiviy.  Other 
.  concentrations  representing  efferent 
risk  leveb  may  be  calculated zy  use  of 
the  Guidelines.  The  risk  estirzte  range 
.  is  presented  for  information  pzposes 
and  does  not  represent  an  Ag  ncy 
'judgment  on  an  "acceptable"  :sk  leveL 
Using  the  present  guideline,  a 
'  satisfactory  criterion  cannot  b-  derived 
•at  this  time  due  to  the"insufficncy  in  the 
available  data  for  1.2-dichlorc  ihylene. 

2.4-Dichlorophenol 

Freshwater  Aquatic  Life 

The  available  data  lor  2,4- 
dichlorophenol  indicate  that  ante  and 
chronic  toxicity  to  freshwater  aiuatic 
Life  occurs  at  concentrations  a!  ow  as 
2.020  and  365  jig/L  respectively  and 
would  occur  at  lower  concentraions 
among  species  that  are  more  setsitive 
that  those  tested.  Mortality  to  airly  li fe 
stages  of  ODe  species  of  fish  occirs  at 
concentrations  as  jow  as  70  jig  '. 

Saltwater  Aquatic  Life 

Only  one  lest  bat  been  conduced 
with  saltwater  organisms  on  2.4- 
dichloropheDol  and  no  statemer.  ran  be 
made  concerning  acute  or  chron.i 
toxicity. 

Human  Health 

For  comparison  purposes,  twe 
approaches  were  used  to  denve 
criterion  leveb  lor  2.4-dicklorcp;.:nol 
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Bostd  on  e\ci'.cb!e  toxicity  data,  for  the 
protection  of  public  heelth.  the  derived 
level  i»  3  09  mg/1.  Using  available 
organoleptic  data,  for  controlling 
undesirable  taste  end  odor  quality  of 
ambient  water,  the  estimated  level  is  03 
pg/L  It  should  be  recognized  that 
organoleptic  data  at  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no 
demonstrated  relationship  to  potential 
adverse  buman  health  effects. 

v. 

Diehloropropanes/Dichloropropenes 
Freshwater  Aquatic  Life 

The  available  data  for 
dichloropropanes  indicate  that  acute 
and  chronic  toxicity  to  freshwater 
aquatic  life  occurs  at  concentrations  as 
low  as  23.000  and  5.700  pg/L 
respectively,  and  would  occur  at  lower  - 
concentrations  among  species  that  are 
more  sensitive  than  those  tested. 

The  available  data  for 
dichloropropenes  Indicate  that  acute 
and  chronic  toxicity  to  freshwater 
aquatic  life  occurs  at  concentrations  as 
low  as  6.060  and  244  pg/L  respectively, 
and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested. 

Saltwater  Aquatic  Life  - 

The  available  data  for  - 
dichloropropanes  Indicate  that  acute 
and  chronic  toxicity  to  saltwater  aquatic 
life  occurs  at  concentrations  as  low  as 
10.300  and  3.040  pg/L  respectively,  and 
would  occur  at  lower  concentrations 
among  species  that  are  more  sensitive 
than  those  tested.  ...  Vi.  ■-  - 

~"Tbe  available  data  for 
dichloropropenes  Indicate  that  acute 
toxidty  to  saltwater  aquatic  life  occurs  *- 
at  concentrations  as  low  a  as  790  pg/1, 
and  would  occur  at  lower  .  .  *•' 

concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No 
datB  are  available  concerning  the 
chronic  toxicity  of  dichloropropenes  to 
sensitive  saltwater  aquatic  life 

Human  Health  '  ' 

Using  the  present  guidelines,  a " 
satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  Insufficiency  In 
tbe  available  data  for  dichloropropanes. 

For  the  protection  of  human  health 
from  the  toxic  properties  of  •  ~~ 

dichloropropenes  Ingested  through 
weler  end  contaminated  aquatic 
o.-gir.isms.  the  ambient  water  criterion 
li  determined  to  be  87  pg/L 

For  the  protection  of  buman  health 
from  the  toxuc  properties  of 
dichioroprcprcei  ingested  throegh 
cent  a  min  s  tec  aquatic  organisms  alone.  • 


the  ambient  water  criterion  is 
determined  to  be  14.1  mg/L 

2.4- Dimethy  lphenol 
Freshwater  Aquatic  Life 

The  available  datB  for  2,4- 
■  dimethylphenol  indicate  that  acute 
toxicity  to  freshwater  aquatic  life  occun 
el  concentrations  as  low  as  2.120 pg/1 
and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
-  chronic  toxicity  of  dimethylphenol  to  - 
-  sensitive  freshwater  aquatic  life. 

Saltwater  A  qua  tic  Life 

No  saltwater  organisms  have  been 
tested  with  2.4-dimethylphenol  and  no 
statement  can  be  made  concerning  acute 
and  chronic  toxicity.  -  » 

Human  Health 

Sufficient  data  are  not  available  for 

2.4- dimethylphenol  to  derive  a  level 

which  would  protect  against  the 
potential  toxicity  of  this  compound- 
Using  available  organoleptic  data,  for 
controlling  undersirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
level  is  400  pg/L  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no  * 

demonstrated  relationship  to  potential 
adverse  buman  health  effects.  . 

2.4- DinitrotoJuene 

*  /  » 
Freshwater  Aquatic  Life  . 

The  available  data  for  2.4-  — 

dinitrotoluene  indicate  that  acute  and' 
chronic  toxicity  to  freshwater  aquatic 
life  occurs  at  concentrations  as  low  as 
330  and  230  pg/1.  respectively,  and 
would  occur  at  lower  concentrations 
.  among  species  that  are  more  sensitive 
than  those  tested.  ■: 

.SahWater  Aquatic  Life 

The  available  data  for  2,4- 
dinitrotoluenes  Indicate  that  acute 
.  toxicity  to  saltwater  aquatic  life  occurs 
at  concentrations  as  low  as  590  pg/1  and 
would  occur  at  lower  concentre tiona 
amoDg  species  that  are  more  sensitive 
than  those  tested.  No  data  are  available 
concerning  the  chronic  toxicity  of  2.4- 
dinitrotoluenes  to  sensitive  saltwater 
aquatic  life  but  a  decrease  in  algal  Cell 
numbers  occurs  at  concentrations  as 
low  as  370  pg/L  •  . 

V  f 

Human  Health 

For  the  maximum  protection  of  buman 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  2.4- 
dmitrotoluene  through  ingestion  of 
contaminated  water  and  contaminated 


aquatic  organisms,  the  er.  er.t  water 
concentration  should  be  i"  based  cn 
the  non-threshold  assure" i:r.  for  this 
chemical.  However,  zero  nt!  may  not 
be  attainable  at  the  press:',  '-me. 
Therefore,  the  levels  whic.  ~.ay  result  i 
incremental  Increase  of  cs:ztr  risk  over 
the  lifetime  are  estimated  a  ltT*.  10'*. 
and  10'*.  The  correspond^  criteria  are 
1.1  pg/L  0.11  pg/1.  and  0.0:  pg/L 
respectively.  If  the  above  eumatrs  are 
made  for  consumption  of  eustic 
y  organisms  only,  excluding  ".sumption 
of  water,  the  levels  are  91  p/l  9.1  pg/1. 
and  0.91  pg/L  respectively,  -ther 
concentrations  representin  Liferent 
risk  levels  may  be  calculate  by  use  of 
the  Guidelines.  The  risk  estnale  range 
Is  presented  for  informatio:  purposes 
and  does  not  represent  an  rseocy 
judgment  od  an  "acceptabl;  risk  level. 

1,2-Diphenythydrazina 

Freshwater  Aquatic  Life 

The  available  data  for  1.2 
dipbenylhydrazine  indicate  hat  8cute 
toxicity  to  freshwater  equate  life  occurs 
at  concentrations  as  low  as  ro  pg/1  and 
would  occur  at  lower  concenrations 
among  species  that  are  mort  ensitive 
than  those  tested.  No  data  ar  available 
concerning  the  chronic  toxiciv  of  1.2- 
diphenylhydrazine  to  senslti  e 
freshwater  aquatic  life. 

Saltwater  Aquatic  Life 

No  saltwater  organisms  hr  c  been 
tested  with  1.2-diphenyIhydruune  and 
no  statement  can  be  made  cciceming 
acute  and  chronic  toxicity. 

Human  Health 

For  the  maximum  protectioi  of  buman 
health  from  the  potential  cercnogenic 
effects  due  to  exposure  of  1.2- 
diphenylhydrazine  through  Irqestion  of 
contaminated  water  and  conuminaled 
aquatic  organisms,  the  ambier.  water 
concentration  should  be  zero  iiised  on 
the  non-threshold  assumption  or  this 
chemical.  However,  zero  levei  nay  not 
be  attainable  at  the  present  toe. 
Therefore,  the  levels  which  c.;.1  result  in 
Incremental  increase  of  cance  risk  over 
the  lifetime  ere  estimated  at  IT*.  10'*. 
-and  10'.’.  The  corresponding  cr  .eria  are 
422  ng/1,  42  ng/1,  and  4  ng/L 
respectively.  If  the  above  estemiies  are 
made  for  consumption  of  aqut  :c 
organisms  only,  excluding  ccr.-unption 
of  wster.  the  levels  ere  5  6  pg  0.56 
pg/L  and  0  056  pg/1.  respectv  i  y. 

Other  concentrations  represeoung 
different  risk  levels  may  be  ciiruJeted 
by  nse  of  the  Guidelines.  Tbe  nix 
estimate  range  is  presented  fc: 
Information  purposes  end  doer  *o’. 


'j-* 
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represent  an  Agency  judgment  on  an 
“acceptable"  risk  level.  ■ 

Endosulfan  ..  • 


Freshwater  Aquatic  Life 

For  endosulfan  the' criterion  to  protect 
freshwater  aquatic  life  as  derived  using 
the  Cuidelir.es  IsOXlSS  pg/I  as  a  24-hour 
average  and  the  concentration  should 
not  exceed  0-22  pg/1  at  any  time. 

Saltwater  Aquatic  Life  *  ;■*  -  -  -;.* 

For  endcuuifan  the  criterion  to  protect 
saltwater  aquatic  life  as  derived  using 
the  Guidelines  Is  0  0087  pg/1  as  a  24-  .' 

hour  average  and  the  concentration 
should  not  exceed  0.034  pg/1  at  any 
time.  • .  •  • 


aquatic  life  ocean  at  concentrations  as 
low  as  32.000  pg/1  and  would  occur  at' 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  No  definitive  data  are  available 
concerning  the  chronic  toxicity  of 
.ethylbenzene  to  sensitive  freshwater 
aquatic  life.' 


Human  Health 


For  the  protection  of  human  health 
from  the  toxic  properties  of  endosulfan 
ingested  through  water  and  r 

contaminated  aquatic  organisms,  the 
ambient  water  criterion  is  determined  to 
be 74 pg/L 

For  the  protection  of  human  health  '  **" 
from  the  toxic  properties  of  endosolfan  “ 
ingested  through  contaminated  aquatic  - 
organisms  alone,  the  ambient  water 
criterion  is  determined  to  be  159  pg/L 

Endrin  :  /T;'-  _•••>*  r-  V--.  * 


■  Saltwater  Aquatic  Life  J  _  ' 

_Tha  available  data  for  ethylbenzene 
Indicate  that  acute  toxicity  to  saltwater 
aquatic  life  occurs  at  concentrations  as 
low  as  430  pg/1  and  would  occur  at  .  . 
lower  concentrations  among  aperies  * 
that  are  more  sensitive  than  those 
tested.  No  data  a re  available  concerning 
the  chronic  toxicity  of  ethylbenzene  to 
sensitive  saltwater  aquatic  life. 

Human  Health  ,  ■  ■ .  • 


Freshwater  Aquatic  Life *  '  r*vj 

*  •*  I  %  JF.\'  Cy 

-  For  endrin  the  criterion  to  protect 
freshwater  aquaticlife  as  derived  using  r 
the  Guidelines  is  0.0023  pg/1  as  a  24- 
hour  average  and  the  concentration  , 
should  not  exceed  0.18  pg/1  at  any  time. 

Saltwater  Aquatic  Life  vjy.- 

For  endrin  the  criterion  to  protect  '/j‘ 
saltwater  aquatic  life  as  derived  using 
the  Guidelines  is  0.0023  pg/1  as  a  24-  >. 

hour  average  and  the  concentration 
should  not  exceed  0-037  pg/I  at  any  - r*7' 
time.  >'  .  -  ' /  J.. 

Human  Health  ■■  J'  . 

The  ambient  water  quality  criterion  ^"] 
for  endrin  is  recommended  to  be  “ -f  -*~- 
identical  to  the  existing  drinking  wateri- 
standard  which  is  lpg/L  Analysis  of  tha 
toxic  effects  data  resulted  in  a  *  -• 

calculated  level  which  is  protective  of  *?" . 
human  health  against  the  ingestion  of  1" 
contaminated  water  and  contaminated"  2 
aquatic  organisms.  The  calculated  value 
is  comparable  to  the  present  standard. 

For  this  reason  a  selective  criterion  * 
based  on  exposure  solely  from 
consumption  of  6.3  grams  of  aquatic 
organisms  was  not  derived. 

Ethylbenzene  _  . .  .  V' 

Freshwater  Aquatic  Life 

The  available  data  for  ethylbenzene- 
indicate  that  acute  toxicity  to  freshwater 


»  For  the  protection  of  human  health 
from  the  toxic  properties  of 
ethylbenzene  ingested  through  water 
and  contaminated  aquatic  organisms, 
'the  ambient  water  criterion  is 
determined  to  be  1.4  mg/L  l 

For  the  protection  of  human  health 
from  the  toxic  properties  of 
ethylbenzene  ingested  through 
contaminated  aquatic  organisms  alone. 
..the  ambient  water  criterion  la 
determined  to  be  3.28 mg/L  ...  , 


Fluoranthene 


Fresh  water  A  qua  tic  Life 


■  The  available  data  for  fluoranthene 
Indicate  that  acute  toxicity  to  freshwater 
aquatic  life  occurs  at  concentrations  as 
low  as  3680  pg/I  and  would  occur  at 
lower  concentrations  among  species 

'  that  are  more  sensitive  than  those  '  - 
tested.  No  data  are  available  concerning 

■  the  chronic  toxicity  of  fluoranthene  to 
sensitive  freshwater  aquatic  life. 

Saltwater  Aquatic  Life '  ' 

,  The  available  data  for  fluoranthene 
Indicate  that  acute  and  chronic  toxicity 
"to  saltwater  aquatic  life  occur  et  • 
concentrations  as  low  as  40  and  18  pg/L 
respectively,  and  would  occur  at  lower 
concentrations  among  species  that  are  ' 
more  sensitive  than  those  tested.  . 


Human  Health 


For  the  protection  of  human  health 
from  the  toxic  properties  of  fluoranthene 
Ingested  through  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  criterion  is  determined  to 
be  42  pg/L 

For  the  protection  of  human  health 
from  the  toxic  properties  of  fluoranthene 
ingested  through  contaminated  aquatic 
organisms  alone,  the  ambient  water 
entenon  il  determined  to  be  54  pg/I. 


Haloethers 


Fresh  water  Aquatic  Life 

The  available  data  for  helot1.*,  rs 
indicate  that  acute  and  chronic  c  x: city 
to  freshwater  aquatic  life  occur  t 
concentrations  as  low  as  360  ar- 122 
ug/L  respectively,  and  would  crur  at 
lower  concentrations  among  speres 
that  are  more  sensitive  than  thoe 
tested. 


Saltwater  Aquatic  Life 
No  saltwater  organisms  hav.  been 
tested  with  any  haloether  and  ra 
.statement  can  be  made  concerting  acute 
or  chronic  toxicity. 

Human  Health 


„  Using  the  present  guidelines  a 
satisfactory  criterion  cannot  fc-  derived 
at  this  time  due  to  the  insuffic:r.cy'in 
the  available  data  for  haloethrs. 


Halomethaoes 


Freshwater  Aquatic  Life 

The  available  data  for  halcrsthanes 
indicate  that  acute  toxicity  tc freshwater 
,  aquatic  life  occurs  at  concent? tions  as 
low  as  11X00  pg/1  and  wouloccur  at 
lower  concentrations  among  geciea 
that  are  more  sensitive  than  cose 
tested.  No  data  are  availabli  concerning 
the  chronic  toxicity  of  halom  thanes  to 
sensitive  freshwater  aquatic  -a. 

Saltwater  Aquatic  Life 
-  The  available  data  for  habmethanes 
indicate  that  acute  and  chronc  toxicity 

to  saltwater  aquatic  life  oca:  at 

concentrations  as  low  as  12.00  and 
6.400  pg/L  respectively,  ant  ■♦ould 
occur  at  lower  concentration  among 
ipecies  that  are  more  sensii'  e  than 
those  tested.  A  decrease  ir.  -igal  cell 
.  numbers  occurs  at  concentr.tio.ns  as 
low  as  11.500  pg/L 

•  Human  Health  ,  ’ . 

For  the  maximum  protecten  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of 
chloromethane.  bromoraetune. 
dichlorometbane. 
bromodichloromethane. 
tribrcnnomethane. 
dichlorodifluoromethane. 
trichlorofluorome thane,  o  combination* 
of  these  chemicals  thxoug:  .r.gestion  of 
contaminated  water  and  .--niamineted 
aquatic  organisms,  the  arc.'.cnt  water 
concentration  shodd  be  :  -o  besed  cn 
the  non-threshold  assum:  icn  fer  this 
chemical.  However,  zerc  l  v el  may  r.ot 
be  attainable  at  the  pres.-c:  tim.e. 
Therefore. -the  levels  wL—  may  result 
incremental  increase  of  .nicer  nsk.  ov 
the  lifetimes  are  estiraatr :  at  10**.  10* 
and  lO-’.T.c  ccrrespcn;  *:  criteria  a; 


ixluit.  -riV-W  A.W,  v  .-  /.V  >  *-»  j  >  > 
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pg/L  0J5  pg/L  and  0519  pg/ L 
respectively.  1/  the  above  estimates  are 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consumption 
of  water,  the  levels  are  157  pg/1. 15.7 
(ig/I.  and  157  pg/L  respectively:  Other 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range 
is  presented  for  information  purposes 
and  does  not  represent  an' Agency 
Judgment  on  an  “acceptable'1  risk level. 

-- Heptachlor  •  ’  •. 

Freshwater  Aquatic  Life  .  , 

For  heptachlor  the  criterion  to  protect 
freshwater  aqqatic  life  as  derived  using 
the  Guidelines  is  0.0038  pg/1  as  a  24-  . 
hour  average  and  the  concentration 
.  should  not  exceed  0.52  pg/1  at  any  time. 

Saltwater  Aquatic  Life  '  .  .  ^ 

For  heptachlor  the  criterion  to  protect 
saltwater  aquatic  life  as  derived  using 
the  Guidelines  Is  0  0036  pg/1  as  a  24- 
hour  average  and  the  concentration 
should  not  exceed  0  053  pg/1  at  any 
time.  ‘  -  •  \  -  •  •>'* 

*  -  ",  ■  '  T  : ,  - 

Human  Health  ,  \  ...  -  _  .-r ."b. 

For  the  maximum  protecticfn  of  human 
health  from  the  potential  carcinogenic  ^ 
effects  due  to  exposure  of  heptachlor  1 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms.  '" 
the  ambient  water  concentration  should 
be  zero  based  on  the  non-threshold 
'assumption  Inr  this  chemical.  However, 
zero  level  may  not  be  attainable  at  tbe 
present  time.  Tbarefore.  the  levels  which 
may  Tesult  in  Incremental  Increase  of 
cancer  risk,  over  the  lifetimes  sue  - 
estimated  at  10"*.  10'*,  and  10"’. The  -  v 
corresponding  criteria  are  2.78  ng/L  26 

—ng/L  and  .028  ng/1.  respectively.^/  the  • 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  2  e5  ng/1.  .29  ng/1.  and  528 
ng/1.  respectively.  Other.. .  \ 

concentrations  representing  different 
mk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range  • 
is  presented  for  information  purposes  ' 
and  does  not  represent  an  Agency  ' 
Judgment  on  an  "accep table”  risk  leveL  ■ 

Hexachlorobutadiena  -  • 

t 

Freshwater  Aquatic  Life. 

The  available  data  for  ... 

hexachlorobutadiena  indicate  that  acute 
and  chronic  toxicity  to  freshwater 
aquatic  life  occur  at  concentrations  as 
low  es  90  and  8  3  pg/L  respectively,  and 
would  occur  at  lower  eoncentiafions 
among  species  that  ere  more  sensitive 
than  tlx.se  tested  - 


Sah  water  Aquatic  Lijf 

Tbe  available  data  for 
hexachlcrobutadiene  indicate  that  acute 
toxicity  to  saltwater  aquatic  life  occurs 
at  concentrations  as  low  as  32  pg/1  and 
would  occur  at  lower  concentrations 
.  among  species  that  are  more  sensitive 
that  those  tested.  No  dais  are  available 
concerning  tbe  chronic  toxidty  of 
hexachlorobutadiene  to  sensitive 

-  saltwater  aquatic  life  '  -  ' 

Human  Health  - 

•  Tor  the  maximum  protection  of  human 
'health  from  the  potential  carcinogenic 

■  effects  due  to  exposure  of 
.hexachlorobutadiene  through  ingestion 

of  contaminated  water  snd 
contaminated  aquatic  organisms,  the 
-ambient  water  concentration  should  be 

•  zero  based  on  the  non-threshold 
assumption  for  this  chemical.  Howeverr, 
zero  level  may  not  be  attainable  at  the 
present  time  Therefore,  the  levels  which 

.  .may  result  fa  Incremental  increase  of 
cancer  risk,  over  the  lifetimes_are 
■  estimated  at  10"*.  10“*,  and  10'L  The 
corresponding  criteria  are  4.47  pg/L  0.45 
pg/L  and  0.015  pg/l  respectively.  If  the 
above  estimates  are  made  for 

-  consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  500  pg/1,  50  pg/ L  and  5  pg/1 
respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  by  use  of’tbe  Guidelines.  The" 
risk  estimate  range  is  presented  for 

_  information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
.“acceptable”  risk  leveL 

.  Heaacblorocydobexana  -  • 

-  Lindane v  -V.  L  .  .  .  , 

Fresh  water  Aquatic  Life  ~ 

■'  For  lindane  tbe  criterion  to  protect 

*  freshwater  aquatic  life  as  derived  esing 
the  Guidelines  is  0  080  pg/1  es  a  24-hour 
average  and  the  concentration  should 
not  exceed  2.0  pg/1  at  any  lime.  „  ■ 

Saltwater  Aquatic  Life  r  -  •  • 

For  saltwater  aquatic  life  the 

■  concentration  of  lindane  should  not 
exceed  0.18  pg/1  at  any  time.  No  data  ' 
are  available  concerning  the  chronic 

.  toxicity  of  lindane  to  sensitive  saltwater 
aquatic  hfe.  •  • 

BHC  .'.  “.I  '  '  .V  -  - 

Freshwater  Aquatic  Life 

The  available  date  lor  a  mixture  of 
isomers  of  BHC  indicate  that  acute 
toxidty  to  freshwater  aquatic  life  occurs 
at  concentrations  as  low  at  100 pg/1  and 
would  occur  at  lower  concentrations 
among  species  that  are  more  sensitive 
than  those  tested.  No  data  are  available 


concerning  the  chrcuic  tox:-'j  vie 
mixture  of  isomers  of  BHC  :  w^nxhjv  e 
freshwater  aquatic  life. 

Saltwater  Aquatic  Life 

The  available  date  for  i  extare  of 
isomers  of  BHC  indicate  thx  scute 
toxicity  to  saltwater  aquatr  — fe  occurs 
at  concentrations  as  low  s  1-34  pg/1 
and  would  occur  at  lower 
-  concentrations  among  Speers  that  are 
,  more  sensitive  than  those  t :  ’ed.  No 
data  are  available  concernns  the 
chronic  toxidty  of  a  mixlur  of  isomers 
of  BHC  to  sensitive  saltwau-  aquatic 
life.  ~ 

Human  Health  _ 

For  tbe  maximum  protectee  of  human 
health  from  the  potential  ccmnogenic 
effects  due  to  exposure  of  crca-HCH 
through  ingestion  of  contamr-ste-d  water 
and  contaminated  aquatic  cg-nisms. 
the  ambient  water  concent.-  _on  should 
be  zero  based  on  the  non-th-  shold 
assumption  for  this  chemicc.  However, 

,  zero  level  may  not  be  attam-ble  at  the 
present  time.  Therefore,  tbt  t  vels  which 
may  result  in  incremental  inrease  of 
cancer  risk,  over  the  lifetime  are 
estimated  at  10'*,  10'*.  end  Tbe 
corresponding  criteria  are  G:  cg/L  9.2 
ng/L  and  .92  ng/L  respective)’.  If  the 
above  estimates  are  made  itr 
consumption  of  aquatic  orgmisms  only, 
excluding  consumption  of  wv-er.  the 
levels  are  310  ng/1,  31.0  ng  and  3.1 
ng/1  respectively.  Other  concr.ti-ations 
representing  different  risk  lr  rls  may  be 
calculated  by  use  of  the  Gunelines.  The 
risk  estimate  range  is  preser.ed  for 
information  purposes  and  drts  not 
represent  an  Agency  JudgmC.  on  an 
•’acceptable"  risk  leveL 

For  the  maximum  protectim  of  human 
health  from  the  potential  camnogenic 
effects  due  to  exposure  of  brs-HCH 
through  ingestion  of  contain::! ted  water 
and  contaminated  aquatic  o-;injsm6, 
the  ambient  water  concentri  :on  should 
be  zero  based  on  the  non-thr  shold 
assumption  for  this  cherries'.  However, 
zero  level  may  not  be  atlairwrie  at  tbe 
present  time.  Therefore,  the  i-vels  w  hich 
may  result  In  incremental  ir.r-ase  of 
cancer  risk,  over  the  lifetime  are 
estimated  at  10”*,  10'*.  and  l.-’.  The 
corresponding  criteria  are  1C.  ng/L  1E.3 
ng/L  and  1.63  ng/L  respectiv.-  y.  If  the 
above  estimates  are  made  fc 
consumption  of  equatic  ©rgi-.ims  or.ly. 
excluding  consumption  of  wr  rr.  the 
levels  are  547  ng/1,  54.7  ng/L  md  5  <7 
ng/L  respectively.  Other  cor.^ntratjens 
representing  different  risk  le  tis  may  be 
calculated  by  use  of  the  Cm:  ■  The 
risk  estimate  range  is  preset  ~i  for 
in/ormstioD  purposes  and  c:  --  cot 


m.  4*-  a*—  a*.  


represent  en  Agency  judgment  on  an 
"acceptable"  risk  leveL 
For  the  maximum  protection  of  bura&n 
health  from  the  potential  carcinogenic 
effect*  due  to  exposure  of  tech*HCH 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  should 
be  zero  based  on  the  non-threshold 
assumption  for  this  chemical  However. 
2ero  level  may  not  be  attainable  at  the  - 
present  time.  Therefore,  the  levels  which 
may  result  in  Incremental  increase  of 
cancer  risk,  over  the  lifetimes  are  *  - 
estimated  at  10'*.  10"*,  and  10"’.  The 

-  corresponding  criteria  are  123  ng/1. 1£3  - 
ng/1  and  1.23  ng/L  respectively.  If  the 

•  above  estimates  are  made  for 
\  consumption  of aqua  tic  organisms  only.  • 
excluding  consumption  of  water,  the 
levels  are  414  ng/1  41.4  ng/1  and  4.14  - 
ng/1  respectively.  Other  concentrations 
representing  different  risk  levels  may  be 

-  calculated  by  use  of  the  Guidelines.  The - 
risk  estimate  range  Is  presented  for  •_ 
information  purposes  and  does  not  ’*■ 
represent  an  Agency  judgment  on  an. 

•  "acceptable"  risk  level  -  .  ,  ■ 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  gamma-HCH 
-  through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms. .  .r  : 
the  ambient  water  concentrations 
sbould  be  zero  based  on  the  non-  *•" 

.  -  threshold  assumption  for  this  chemical 
However,  zero  level  may  not  be  * 

'  attainable  at  the  present  time.  ■  ~r‘ 

'  Therefore,  the  levels  which  may  result  in 
incremental  increase  of  cancer  risk  over 
.  the  lifetime  are  estimated  at  10"*.  10-*,  -  - 
and  10" The  corresponding  criteria  are  . 
186  ng/L  18.8  ng/1.  and  1.86  ng/1  - 
-^-respectively.  If  the  above  estimates  are  -• 
made  for  consumption  or  aquatic  7 
organisms  only,  excluding  consumption  . 
of  water,  the  levels  are  623  fig/l  62-5  . 

ng/L  8.25  ng/L  respectively.  Other.  ■ 
concentrations  representing  different  •• ' 
risk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range.  ;-* 
is  presented  for  Information  purposes  ;  r 
and  does  not  represent  an  Agency  ■ 
judgment  on  an  “acceptable"  risk  level 
Using  the  present  guidelines,  a 
satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  insufficiency  in  ry. 
the  available  data  for  delta-HCH. 

Using  the  present  guidelines,  a  - 

satisfactory  criterion  cannot  be  derived  " 
at  this  time  due  to  the  insufficiency  in  , 
the  available  data  for  eprilon-HQl  ..  . - 

Haxachlorocydopentadiene 
Freshwater  Aquatic  Life  _  .  - 

The  available  data  for 
hexachJorocydopeatsdiene  indicate  that 
acute  and  chronic  toxicity  to  freshwater 


aquatic  life  occurs  at  concentrations  as 

•  low  as  7.0  and  5.2  pg/L  respectively,  and 
i&n  would  occur  at  lower  concentrations 

:  among  species  that  are  more  sensitive 

than  those  tested. 

1,er  Saltwater  Aquatic  Life 

dd  •  The  available  data  to  .  / 

bexachlorocyclopentadJene  Indicate  that 
it.  acute  toxicity  to  saltwater  aquatic  life 
s  .  qccurs  at’ concentrations  as  low  as  7.0 

ich  gsg/l  and  would  occur  at  lower 

concentrations  among  spedes  that  are 
-:  -  more  sensitive  than  those  tested.  No 
'*  data  are  available  concerning  the 
j  .  .chronic  toxidty  of  -  ~  zc  •  •  **  * 

bexachlorocydopenladiene  to  sensitive 
—  .  saltwater  aquatic  life.  '  .  „  * 

y*  ’  Human  Health  -  ■ 

For  comparison  purposes,  two  * 

•  ■  .  approaches  were  used  to  derive 
^  criterion  levels  for 

-  •  hexachlorocyclopentadiene.  Based  on' 

.  available  toxidty  data,  for  the 
protection  of  public  health,  the  derived 
.  .  revel  is  206  pg/L  Using  available  ' 

,  'v  organoleptic  data,  for  controlling 

•  -  undesirable  taste  and  odor  quality  of 

ambient  water,  the  estimated  level  is  1.0 
{  ..  J*g/L  It  should  be  recognized  that 
ef  ■  organoleptic  data  as  a  basis  for  - 
_  establishing  a  water  quality  criterion  * 
have  limitations  and  have  no  .  ^ 

demonstrated  relationship  to  potential  ' 

■  -  adverse  human  health  effects. . 

Isopborone  il.  /r  £-.<  ~  ■  •_ 


ingested  through  contec::  ed  aquatic 
organisms  alone,  the  amfcir.i  water 
'criterion  is  determined  tc  520  mg/L 


Freshwater  Aquatic  Life  '  ~ 

■  The  available  data  for  isopborone 
.  indicate  that  acute  toxidty  to  freshwater 
aquatic  life  ocurs  at  concentrations  as 
low  as  117,000  /ig/1  and  would  occur  at 
lower  concentrations  among  spedes 
that  are  more  sensitive  than  those  - 
tested.  No  data  are  available  concerning 
the  chronic  toxidty  of  Isopborone  to 
‘  sensitive  freshwater  aquatic  life.  . .  t. / 

-  Saltwater  Aquatic  Life  ‘  -  '  V  .*• 

•  The  aveilable  data  for  isopborone  *  ■ 
indicate  that  acute  toxidty  to  saltwater 
aquatic  life  occurs  at  concentrations  al¬ 
low  as  12,900  pg/1  and  would  occur  at  . 

■  lower  concentrations  among  species  r 
,  that  are  more  sensitive  than  those 
'tested.  No  data  are  available  concerning 
..the-chronic  toxidty  of  isopborone  to 
sensitive  saltwater  aquatic  life. 

Human  Health 

For'the  protection  of  human  health 
from  the  toxic  properties  of  isophcrone 
ingested  through  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  criterion  is  determined  to 
be  5  2  mg/L  1 

For  the  protection  of  human  health 
from  the  toxic  properties  of  isopborone 


Freshwater  Aquatic  Life 

"  For  total  recoverable  le.u  the 
criterion  fin  jig/I)  to  prote:  freshwater 
aquatic  life  as  derived  usitr  the 
Guidelines  is  the  numerica  .  alue  given 
by  e(2.35[ln(hardness))-9  4 1  as  a  24- 
hour  average  and  the  conc.-.dation  (in 
jig/1)  should  not  exceed  th  numerical 
value  given  by  e(1.22[ln(ha:i.ness)}-0.47) 
at  any  time.  For  example,  a  hardnesses 
of  50, 100.  and  200  mg/1  a;  UCO,  the 
criteria  are  0.75.  3  8.  and  2t  :g/L 
respectively,  as  24-hour  ev.-ages,  tr.d 
the  coocentrations  should  in!  exceed  74. 
170,  and  400  ng/L  reipectiviy,  at  any 
time..  -  •„  ' 

Saltwater  Aquatic  Life 

.  The  arvailable  data  for  tod 
recoverable  lead  indicate  tibt  acute  and 
chronic  toxicity  to  saltwate  aquatic  life 
occur  at  concentrations  as  aw  as  668 
and  25  fxg/L  respectively,  aid  would 
occur  at  lower  concentratiois  among 
spedes  that  are  more  sensitve  than 
■  those  tested.  .  « 

_  Human  Health 

.  '  w 

The  ambient  water  qualit-  criterion 
for  lead  is  recommended  to  le  identical 
to  the  existing  drinking  watc  standard  > 
’  which  is  50  jig/1.  Analysis  o  :fce  toxic 
effects  date  resulted  in  a  camJeted 
level  which  is  protective  to  hman 
health  against  the  ingestion  11 
contaminated  water  and  conaminated 
aquatic  organisms.  The  calciiated  value 
is  comparable  to  the  presen:  standard. 

For  this  reason  a  selective  crterion 
based  on  exposure  solely  firm 
consumption  of  6.5  grams  of  iquatic 
organisms  was  not  derived. 

Mercury  - 

Freshwater  Aquctic  Life . 

For  total  recoverable  mercury -the 
criterion  to  protect  freshwater  aquatic 
life  as  derived  using  the  Guia-iines  is 
0.00057  fig/1  as  a  24-hour  avenge  and 
the  concentration  should  do;  exceed 
0.0017  fig/l  at  any  time. 

Saltwater  Aquatic  Life 

Tot  total  recoverable  mere.-y  the 
criterion  to  protect  saltwater  iquatic  Lfe 
a*  derived  using  the  Cuidelir.v  is  0  025 
pg/1  as  a  24-hour  average  ar.:  .“•.e 
concentration  should  not  exr;:d  3.7  ^ig/1 
at  any  time. 

Human  Health 

For  the  protection  of  buna:  he ai th 
from  the  toxic  properties  of  r  "rry 


.v 


TO 
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infested  through  water  and  -  - 
contaminated  aquatic  organisms,  the 
ambient  water  criterion  is  determined  to 
be  144  ng/L 

For  the  protection  of  human  health 
from  the  toxic  properties  of  mercury 
Ingested  through  contaminated  aquatic 
organisms  alone,  the  ambient  water 
criterion  is  determined  to  be  146  ng/l.  - 

Kota. — These  values  Include  the 
consumption  of  freshwater,  estuarine,  and*  ~ 
marine  species.  '* 

Naphthalene  ■  ~ 

Freshwater  Aquatic  Life  : 

The  available  data  to  naphthalene 
indicate  that  acute  and  chronic  toxicity 
to  freshwater  aquatic  life  occur  at  .  •  * 
concentrations  as  low*  as  2.300  and  620 
pg/l.  respectively,  and  wouldoccur  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those  * 
tested.  _  .  .  t  ,T  . .  -**, 

Saltwater  Aquatic  Life' 

The  aveilahle  data  for  naphthalene 
indicate  that  acutgjoxicity  to  saltwater 
aquatic  life  occurs  at  concentrations  as 
low  as  2.350  pg/1  and  would  occur  at  . 
lower  concentrations  among  specif*  .-•* 
that  are  more  sensitive  than  those  • 
tested.  No  data  are  available  concerning 
the  chronic  toxicity  of  naphthalene  to  -  . 
sensitive  saltwater  aquatic  life.  " 

Human  Health  *"  j;  *. ,V  ' J*. 

Using  the  present  guidelines,  a  .  ■ 
satisfactory  criterion  cannot  be  derived  -*' 
at  this  time  due  to  the  insufficiency  in  ;  . 
the  available  data  for  naphthalene.  -  .T.. 

■  -  -  -  .;••  ,.-..-7V-  - .  -  * 

Nickel  :  u  u  l  .*"  X-  .-*•  * . . : *•  •’ 

Freshwater  A  quatic  Life^jf  N 

For  total  recoverable  nickel  the 
criterion  (in  pg/I)  to  protect  freshwater'  - 
aquatic  fife  as  derived  using  the  „  *•  '  *T~ 
Guidelines  is  the  numerical  valoe  given  * 
by  e(0.76  fin  (hardness)]  +  206)  asa  24- 
hour  average  and  the  concentration  (in  " 
Pg/1)  should  not  exceed  the  numerical  - 
valoe  given  by  e(0  76[ln  (hardness)]  4-<  ’ 
4-02)  et  any  time.  For  example;  at  "J  ,  ' 
hardnesses  of  50, 100,  and  200  mg/1  as 
CaCO,  the  criteria  are  58,  96,  and  160  _•  **• 
.  pg/L  reapectivtly.  ss'i-t-hour  averages,  '■■■. 
and  the  concentrations  should  not  _*;-  ? 

exceed  1.100, 1.600,  end  3,100  pg/1,  * 

respectively,  at  any  time.  -•*  '  ,  ■ 

Salt wc ter  Aquatic  Life 

For  total  recoverable  nickel  the  *  :  * . 
criterion  to  protect  saltwater  aquatic  Fife 
as  derived  using  the  Guidelines  is  7.1 
pg/1  es  a  24-hour  average  and  the 
concentration  should  not  exceed  140  pg/ 

I  st  sny  time.  .  .  * 


Human  Health 

For  the  protection  of  human  health 
from  the  toxic  properties  of  nickel 
ingested  through  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  criterion  is  determined  to 
-be  13-4  pg/L 

-  For  the  protection  of  human  health 
from  theToxic  properties  of  nickel 
Ingested  through  contaminated  aquatic 
organisms  alone,  the  embient  water 
criterion  is  determined  to  be  100  pg/L  * 

Nitrobenzene 

Freshwater  Aquatic  Life"  »  *. 

'  The  available  data  far  nitrobenzene 
indicate  that  acute  tcxjrqjty  to  freshwater 
aquatic  life  occurs  at  concentrations  as 
low*  mi  27  JXC  p g/1  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  No  definitive  data  are  'available 
concerning  the  chronic  toxicity  of 
nitrobenzene  to  sensitive  freshwater 
aquatic  life. ... 

Saltwater  Aquatic  Life  -*  *  ' 

■  .  The  available  data  for  nitrobenzene 
indicate  that  acute  toxicity  to  saltwater 
aquatic  life  occurs  at  concentrations  as 
.  low  as  6,680  p g/1  and  would  occur  at  • 
lower  concentrations  among  species 
that  are  more  sensitive  than  those  ' 
tested.  No  data  are  available  concerning 
the  chrome  toxicity  of  nitrobenzene  to 

sensitive  saltwater  aquatic  life. 

v  ** -  *  ■* 

Human  Health 

"  ,  *  r  .-  • 

-For  comparison  purposes,  two  *  . 
Approaches  were  csed  to  derive'  •  •  ~~ 

-criterion  levels  for  nitrobenzene.  Based 
on  available  toxicity  data,  for  the 
protection  of  public  health,  the  derived 
level  ia  39.6  mg/1.  Using  available  .  .T. 

.  organoleptic  data,  for  controlling 
.undesirable  taste  and  odor  quality  of 
-.ambient  water,  the  estimated  level  is  30 
pg/L  It  should  be  recognized  that 
organoleptic  data  as  a  basis  for  . 

■  establishing  a  water  quality  criteria 
have  limitations  and  have  no 
demonstrated  relationship  to  potential  ' 
r  adverse  human  health-effects.  ;  - 

Niiropbcnols 

Freshwater  Aquatic  Life  ■' 

The  available  data  for  nitrophenol* 
indicate  that  acute  toxicity  to  freshwater 
aquatic  lJe  occurs  at  concentrations  as 
low  as  230  pg/1  and  would  occir*  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  No  data  are  available  concerning 
the  chronic  toxicity  of  nurophenols  to 
sensitive  fresh*  tier  aquatic  life  but 
toxicity  to  one  species  of  algae  occurs  at 
concentrations  as  low  as  350  pg/L 


Saltwater  Aquatic  Life 

The  available  da:a  for  r.itri*  '  enols 
indicate  that  acute  toxicity  tc  Jiwatcr 
aquatic  life  occurs  al  cone c:.r  cions  as 
low  as  4  850  pg/1  end  woulc  '.cur  at 
lower  concentrations  among  pecies 
that  are  more  sensitive  than  Lose 
tested.  No  data  are  availablt  mneenung 
the  chronic  toxicity  of  nitropieools  to 
sensitive  saltwater  aquatic  lie. 

Human  Health 

For  the  protection  of  husiai  health 
from  the  toxic  properties  of  24-drutro-o- 
cresol  ingested  through  warn  and 
contaminated  aquatic  organs  ms.  the 
ambient  water  criericn  is  a  *  ermine  d  to 
be  13  4  pg/L 

For  the  protection  of  hur...r.  health 
from  the  toxic  properties  o:-.4-cir,itro-o- 
cresol  ingested  through  com-ninaled 
aquatic  organisms  alone.  tie  ambient 
water  criterion  is  determind  to  be  765 
pg/L 

For  the  protection  of  buni-c  health 
from  the  toxic  properties  o 
dinitiophenol  ingested  thrrugh  water 
and  contaminated  aquatic  Cjimsms, 
the  ambient  water  criterioi  is 
determined  to  be  70  pg/L 

For  the  protection  of  henzo  health 
from  the  toxic  properties  n 
dinitrophenol  ingested  thrmgh 
contaminated  aquatic  orgmisms  alone, 
the  ambient  water  critenm  is 
determined  to  be  34-3  mg 
,  Using  the  present  guiricines.  a 
satisfactory  criterion  camot  be  derived 
at  this  time  due  to  the  insiriiriency  in 
the  available  data  for  moiomtrophenol. 

Using  the  present  guiddnes.  a 

satisfactory  criterion  camot  be  derived 

at  this  time  doe  to  the  inrofF.oency  in 

the  available  data  for  tn-iitropbenoL 
* 

Nitrosamines 
Freshwater  Aquatic  Lift 

The  available  data  fo*  mtrosamines 
Indicate  that  acute  toxie-y  to  frtshwa' 
aquatic  life  occurs  at  cncrctrations  a 
low  as  5.650  pg/1  and  w.uld  occur  at 
lower  concentrations  anorg  species 
that  are  more  sensitive  nan  those 
tested.  No  data  are  avi!ab>  concern; 
the  chronic  toxicity  of  rccsscunes  tc 
sensitive  freshw;ater  ac.atic  Lie. 

Saltwater  Aquatic  Lift 

’  The  available  data  l.*r  nitressminr' 
indicate  that  acute  loxcity  !r  saltwa 
aquatic  life  occurs  at  c  .rcrr.'.'i'.ion' 

.  low  as  3.300.000  pg/1  i  ■-  "cu.d  occi 
lower  concentrations  i  *>cr.g  species 
that  are  more  sensiuv?  thee  terse 
.tested.  No  data  are  aviJab’.e  conccr 
th*  chronic  toxiclry  o’  ritrciarr.ines 
sensitive  saltweler  a:  -  j  tic  1ft 
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Human  Health  ' 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  n- 
nitrosodimetfcylamJne  through  Ingestion 
of  contaminated  water  and  ' 

contaminated  aquatic  organisms,  the  - 
ambient  water  concentration  should  be  ‘ 
zero  based  on  the  non-threshold 
assumption  for  this  chemical.  Howeverf 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  In  Incremental  Increase  of 
cancer  risk,  over  the  lifetimes  are  '  *'• " 

estimated  at  10**,  1(T*.  and  10" The 
corresponding  criteria  are  14  ng/1. 1.4 
ngA  and  .14  ng/l  respectively.  If  the  . 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  160.000  ng/L  16.000  ng/l  and 
1.600  ng/L  respectively.  Other 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range 
is  presented  for  information  purposes 
'  and  does  not  represent  an  Agency 
judgment  on  an  “acceptable"  risk  level. 

For  the  maximum  protection  of  human 
health  tom  the  potential  carcinogenic 
effects  due  to  exposure  ofn-'  •  .  _ 


64  ng/l  6.4  ng/l  and  .064  ng/l 
respectively.  If  the  above  estimates  are 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consumption 
of  water,  the  levels  are  5.868  ng/l.  587 
ng/L  and  58.7  ng/l.  respectively.  Other 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of 
.  the  Guidelines.  The  risk  estimate  range 
Is  presented  for  Information  purposes  ' 
and  does  not  represent  an  Agency 
judgment  on  an  “acceptable"  risk  leveL 
' "  .  For  the  maximum  protection  of  human 
'  health  from  the  potential  carcinogenic 
‘  effects  due  to  exposure  In  n-  - 
nitncsodiphenylamine  through  Ingestion 
of  contaminated  water  and 
.  contaminated  aquatic  organisms,  the 
ambient  water  concentration  should  be 
zero  based  on  the  non-threshold 
assumption  for  this  chemicaL  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
-  may  result  in  Incremental  increase  of 
cancer  risk,  over  the  lifetimes  are 
estimated  at  10-*.  10“'.  and  ltT’.  The 
corresponding  criteria  are  49.000  ng/l 
4.900  ng/l  and  490  ng/l  respectively.  If 
the  above  estimates  are  made  for 
consumption  of  aquatic  organisms  only,  *  ' 


nitrosodiethylamine  through  Ingestion  of  r  excluding  consumption  of  water,  the 
contaminated  water  and  contaminated  levels  axe  161.000  ng/l  18.300  ng/l,  and  . 


aquatic  organisms,  the  ambient  water  v:  1.610  ng/l.  respectively.  Other 
concentration  should  be  zero  based  on  -•  concentrations  representing  different 
the  non-threshold  assumption  far  this  ..  r  risk  levels  may  be  calculated  by  use  of. 
chemical  However,  zero  level  may  not  the  Guidelines.  The  risk  estimate  range 
be  attainable  at  the  present  time.  .  '  Is  presented  for  information  purposes 

Therefore,  the  levels  which  may  result  in  and  does  not  represent  an  Agency  _ 
incremental  Increase  of  cancer  risk,  over  judgment  on  an  “acceptable"  risk  leveL 
the  Wetimes  are  estimated  at  ICr'/KT*.  -  For  ^  naximua  protection  of  human 

"nd  ?,°'ATh,7lCOfT'sP“"dul«  cr"eria  are.  .  health  from  the  potential  carcinogenic 
8  ng/l  OA  ng/l  and  008  ng/l  ^  *  effects  due  ,0  in  n- 

respectively.  If  the  above  estimates  are.  ,  r„ 


made  for  consumption  of  aquatic 
organisms  only,  excluding  consumption 
of  water,  the  levels  are  12.400  ngA  1.240 
ng/L  and  124  ng/l  respectively.  Other 
concentrations  representing  different  ' 
risk  levels  may  be  calculated  by  use  of' 
the  Guidelines.  The  risk  estimate  range-  ' 
is  presented  for  Information  purposes 
and  does  not  represent  an  Agency  1 
Judgment  on  an  “acceptable"  risk  leveL 
For  the  maximum  protection  of  human  '■ 
health  from  the  potential  carcinogenic  * 
effects  due  to  exposure  in  o-nitrosodi-n- 
butylamme  through  Ingestion  of  -  — *  •; 

contaminated  water  and  contaminated 
aquatic  organisms,  the  ambient  water 
concentre tlcn  should  be  zero  based  oo 
the  non-threshold  assumption  for  this 
chemical  However,  zero  level  cay  nor 
be  attainable  at  the  present  Vm* 
Therefore,  the  levels  which  may  result  in. 
incremental  Increase  of  cancer  risk,  over 
the  lifetimes  are  estimated  at  30'*.  10‘* 
ar.d  10' The  corresponding  criteria  are 


.  nitrosopyrrolidine  through  Ingestion  of  , 
a-  'contaminated  water  and  contaminated 
aquatic  organisms,  the  ambient  Water 
.'  concentration  should  be  zero  based  on 
.  the  con-threshold  assumption  for  this 
'  chemical.  However,  zero  level  may  not 
r.,  be  attainable  at  the  present  time. 

_ .  Therefore,  the  levels  which  may  result  in 
*,  incremental  increase  of  cancer  risk,  over 
.  the  lifetimes  are  estimated  at  30'*.  30'*, 

:  and  10“’.  The  corresponding  criteria  are 
.  160  ng/l  16.0  ng/l  and  1.60  ng/l 
'  respectively.  Jf  the  above  estimates  are 
-  made  for  consumption  of  aquatic  • 
organisms  only,  excluding  consumption 
of  water,  the  levels  are  939  000  ng/l. 

93.900  ng/l.  and  9.190  ng/l  respectively. 
Other  concentrations  representing 
different  risk  levels  may  be  calculeted 
by  use  of  the  CuideLLnevThe  risk 
estimate  range  Is  presented  for 
Information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
.  “acceptable"  risk  level.  * 


Penlachloropbenol 

Fresh  wo  ter  Aqua  tic  Life 

The  available  data  for 
pentachiorophenol  indicate  Li!  acute 
and  chronic  toxicity  to  freshvatec 
aquatic  life  occur  at  concentr.tions  as 
low  at  55  and  3 2  pg/l.  resperively.  end 
would  occur  at  lower  concenrztions 
among  species  that  are  more  ensitive 
than  those  tested. 

Saltwater  Aquatic  Life 

The  available  data  for  .  .  • 

pentachiorophenol  indicate  tint  acute  . 
and  chronic  toxicity  to  saltw.ier  equetic 
life  occur  at  concentrations  a  ow  as  53 
and  34  pg/l  respectively,  anc  vould 
occur  at  lower  concentration.-  _moog 
species  that  are  more  sensitiv-  than 
those  tested.  *  - 

Human  Health 

For  comparison  purposes,  tvo 
approaches  were  used  to  deri-e 
criterion  levels  for  pentachlonphenol. 
Based  on  available  toxicity  daa.  for  the 
protection  of  public  health,  thi  derived 
level  is  3.03  mg/1.  Using  availaile 
organoleptic  data,  for  controllcg 
undesirable  taste  and  odor  quiiity  of 
ambient  water,  the  estimated  eve  I  is  30 
Hg/l  It  should  be  recognized  bat 
organoleptic  data  as  a  basis  fir 
establishing  a  water  quality  cr.srion 
have  limitations  and  have  no 
demonstrated  relationship  to  pitential 
adverse  human  health  effects. 

Phenol 

Freshwater  Aquatic  Life 

The  available  data  for  pbeno  Indicate 
that  acute-and  chronic  toxicity  o 
freshwater  aquatic  life  occur  at 
■  concentrations  as  low  as  10.20C  and 

*  2.580  fig/l  respectively,  and  wndd 
occur  at  lower  concentrations  cnong 

•  species  that  are  more  sensitive  hen 
those  tested. 

Saltwater  A  qua  tic  Life 

The  available  data  for  pbeno  ndicate 
that  acute  toxicity  to  saltwater  iquatic 
life  occurs  at  concentrations  a;  cw  as 
5.800  ug/1  and  would  occur  at  lrver 
concentrations  among  species  Vat  are 
more  sensitive  than  those  tester  No 
data  are  available  concerning  tv: 
chronic  toxicity  of  phenol  to  ser.tive 
saltwater  aquatic  life. 

Human  Health 

For  comparison  purposes,  tw; 
approaches  were  used  to  denvt 
criterion  levels  for  phenol  Bast  .  on 
available  toxicity  data,  for  the 
protection  of  public  health,  the  :  -ived 
level  is  3.5  rr.g/I.  Using  availabit 
organoleptic  data,  lor  conti-oUr 
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cndef.reble  icstr  and  one.-  quality  exf 
embicst  iviti;.  the  estim&i*  d  level  is  0.3 
mg/L  It  should  be  recognized  that 
organoleptic  da*. a  as  e  basis  for 
establishing  a  water  quality  criterion 
have  limitations  and  have  no 
demonstrated  relationship  to  potential  • 
adverse  human  heaJlh  effects. 

Phthalate  Eater*  -  , . 

*  '  “  .*  '  •  ^  « 

Freshtvvter  Aquatic  Life  '  ~  L~  ' 

The  available  data  for  phthalate  - 
esters  indicate  that  acute  and  chronic 
toxicity  to  freshwater  aquatic  life  occur 
at  concentrations  as  low  as  940  and  3 
pg/L  respectively,  and  would  occur  at  \ 
lower  concentrations  among  specie* 
that  ere  more  sensitive  than  those 
tested.  •  .  _  ..  ; 

Saltwater  Aquatic  Life 

The  available  data  for  phthalate 
esters  indicate  that  acute  toxidty  to 
saltwater  aquatic  life  occurs  at 
concentration*  as  low  as  294 1  pg/land 
would  occur  at  lower  concentration* 
among  species  that  are  more  sensitive 
than  those  tested.  No  data  are  available 
concerning  the  chronic  toxicity  of 
phthalate  erters  to  sensitive  saltwater 
aquatic  liTe  but  toxicity  to  one  species  of 
algae  occurs  at  •concentrations  as  low  as 
3.4  pg/L  _ .  v  j  - 

Human  Health  , '  ■/  \  v_‘ 

--  '  *  *  '  "  .« 
For  the  protection  x>f  Kumau  health  -  ^  " 
.  from  the  toxic  properties  of  dimethyl-  •  > 
phthalate  ingested  through  water  and 
contaminated  aquatic  organisms,  the 
-  ambient  water  criterion  is  determined  to 
be  313  mg/1.  v  :  -  . 

For  the  protection  of  human  health 
from  the  toxic  properties  of  dimethyl- 
pbthalate  ingested  through  '  *  .  ’ 

contaminated  aquatic  organisms  alone, 
the  ambient  water  criterion  I*  •  '  ^ 
determined  to  be  2.9g/l./‘- 
Fur  the  protection  of  human'  health  -  . 

from  the  toxic  properties  of  diethyl-..  -  f 
phthalate  ingested  through  water  and  ^ •' . 
contaminated  aquatic  organism*,  the  ’> 
ambient  water  criterion  ts  determined  to  '.’ 
be  350 mg /l.  ’  ■  "  ‘ 

For  the  protection  of  human  health  ' 

•  from  the  toxic  properlie*  of  diethyl-  ‘  '  ~  < 
phthalate  ingested  through  ...  .  -’  , 

contaminated  aquatic  organisms  alone! 
the  ambieot  water  criterion  1*  '  •  — 

determined  to-}»e  1.8  g/l.  ’  /-  ‘1 

For  the  protection  of  human  health 
from  the  toxic  properties  of  dibutyh 
-phthalate  ingested  through  water  and 
contaminated  aquatic  organisms. the 
ambient  water  criterion  is  determined  to 
be  34  mg/L  , 

For  the  protection  of  human  health 
from  the  toxic  properlie*  of  dibutyi- 
phthalate  ingested  through  -  . 


con! terms trd  aquatic  oegunisots  alone, 
the  ambient  water  entenem  is 
determined  to  be  154  mg/1. 

For  the  protection  of  human  health 
from  the  toxic  properties  of  di-T- 
ethylhexyl-phthalate  Ingested  through 
water  and  contaminated  aquatic 
organisms,  the  ambient  water  criterion 
i*  determined  to  be  15  mg/L 
For  the  protection  of  human  health 
.  from  the  toxic  properties  of  di-2- 
;  ethylhexyl-phthalate  Ingested  through  - 
'contaminated  aquatic  organism*  alone,, 
the  ambient  water  criterion  it  - 
determined  to  be  50  mg/1. 

Polychlorinated  Biphenyls 

Presbwoter  Aquatic  Life  ■ 

,For  polychlorinated  biphenyls  the 
criterion  to  protect  freshwater  aquatic 
life  as  derived  using  the  Guidelines  is 
0.014  pg/t  as  a  24-hour  average_The  . 
available  data  indicate  that  acute 
toxicity  to  freshwater  aquatic  life 
probably  will  only  occur  at 
. concentre tioms  above  ZJ)  pg/I  and  that 
the  24-hour  average  should  provide 
adequate  protection  against  acute 

. toxidty.  }..*  **  .•..■* 

Sattwaler  Aquatic  J. Jve"~  ' 

.  • ;  For  polychlorinated  biphenyls  the 
criterion  1o  protect  saltwater  aquatic  life 
as  derived  using  the  Guideline*  is  0JJ30 
pg/1  as  a  24- furor  average.  The  available 
~  data  indicate  that  a  cote  toxidty  to 
'  saltwater  aqoaSc life  probably  will  only 
occur  at  concentrations  above  10  pg/1 
and  that  the  24-hour  average  should  - 
provide  adequate  protection  against 
acute  toxicity."- ’ -  •*.  •„ 

.  •  .  •Ajp.;',.  •  •  ' 

Human  Health^.  '.,  ~  ■  , 

For  the  roaxjnxnzi  pirotection  of  human 
health  from  the  potential  carcinogenic 
•  effect*  due  to  exposure  of  PCB*  through 
ingestion  of  contaminated  water  and 
contaminated  aquatic  organism*,  the 
ambaent  water  concentration  should  be 
■zero  based  on  the  non-threshold 
;  assumption  for  this  chemical.  However, 
zero  level  may  not  be  attainable  at  the  ' 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  J0"*t  10'1.  and  10“’.  The 
corresponding  criteria  are  .79  ng/l,  0.79 
ng/L  and  .0079  ng/l  respectively.  If  the 
above  estimates  are  made  tor 
consumption  of  aquatic  organisms. only, 
excluding  consumption  of  water,  the 
levels  are  .79  ng/L  .079  r>g/L  and  .0079 
ng/l,  respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  by  use  of  the  Guideline*.  The 
risk  estimate  range  is  presented  for 
Information  purposes  and  does  not 


represent  an  Agency  juc ~  -r.t  on  en 
■'acceptable''  nsk  leveL 

Polvnuclear  Aromatic  lir.-ocarbcms 
(PAH.) 

Freshwater  Aquatic  Lrfr 

The  limited  fresh  wale-  .ita  base 
available  for  polynuclear romatic 
hydrocarbon*,  mostly  her  short-term 
bioconcentration  studies  v.th  two 
compound!.  does  not  perrt  a  statement 
concerning  acute  or  chrcc.:  tcnricity. 

.  Saltwater  Aquatic  Life 

The  available  date  for  plynnelear 
aromatic  hydrocarbons  inmate  that 
acute  toxidty  to  *altwate:-quatic  life 
occurs  at  concentrations  a  lew  as  300 
ug/1  arid  would  occur  at  loser 
concentrations  among  specs*  that  are 
more  sensitive  than  those  tried.  No 
data  are  available  concemcj  the 
chronic  toxicity  cf  polynuciar  aromatic 
hydrocarbons  to  sensitive  alrwater 
aquatic  Ufa. 

Human  Health 

For  the  maximum  proterirn  of  human 
health  from  the  potential  cucinogmic 
effects  due  to  exposure  ofl'vHs  throegb 
ingestion  of  contaminated  vater  and 
contaminated  aquatic  orgactms.  the 
ambient  water  concentraticn  should  be 
zero  based  on  the  non-thresicld 
assumption  forth  is  chemica.  However, 
zero  level  may'  not  be  attairrole  at  ti  e 
present  time.  Therefore,  the  evels  which 
may  result  In  incremental  incease  of 
cancer  risk  over  the  lifetime  ire 
estimated  at  10~»  KT*  and  tr  ’  The 
corresponding  criteria  are  2f  ng/l,  2.8 
ng/L  and  ^8  ng/l.  respectivev.  If  the 
above  estimates  are  made  ftr 
consumption  of  aquatic  orgausms  only, 
excluding  consumption  of  wne:.  the 
levels  ere  311  ng/L  31.1  ng/l.  sod  3.11 
’  ng/l,  respectively.  Other  eonrsTTtrations 
representing  different  risk  levels  may  be 
calculated  by  use  of  the  Cuirilines.  The 
risk  estimate  range  is  presennd  for 
Information  purposes  and  dots  not 
represent  an  Agency  judgroen  on  an 
■‘acceptable"  risk  leveL 

Selenium 

Freshwater  Aquatic  Life 

For  total  recoverable  inorg nuc 
selenite  the  criterion  to  protec 
freshwater  aquatic  life  as  derred  using 
the  Guidelines  is  35  yg/1  as  e  -t  v-bour 
average  and  the  concectralio:  iliould 
not  exceed  260  pg/1  at  any  tiai:. 

The  available  data  for  mo— .rJc 
selenate  indicate  that  acute  tr._i:r>  to 
freshwater  equatic  life  occur*  :: 
concentrations  as  low  as  760  l  :  '1  an d 
would  occur  at  lower  ccoceccv..an* 
among  species  that  are  more  smsitiw 
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then  those  tested.  No  date  are  available 
concerning  the  chronic  toxicity  of 
Inorganic  seier.ste  to  sensitive 
freshwater  aquatic  life.  - 

Scltwclsr  Aquatic  Life  .'  *  ....  - 

For  total  recoverable  inorganic  *  ' 
selenite  the  criterion  to  protect  saltwater 
'  aquatic  life  as  derived  using  the  -  - 
Guidelines  is  54  pgfl  as  a  24-hour 
average  and  the  concentration  should.  - 
hot  exceed  410  >ig/l  at  any  time.  .1 

No  data  are  available  concerning  the 
toxicity  of  inorganic  selenate  to*  -  •1'"' 
saltwater  aquatic  life.,  '  ’ 

Hunt  an  Health  •  -y .  *  j.-  ■  • 

Jhe  ambient  water  quality  criterion 
for  selenium  is  recommended  to  be 
Identical  to  the  existing  drinking  water 
standard  which  is  10  jig'/L  Analysis  of 
the  toxic  effects  data  resulted  in  a 
calculated  level  which  is  prolective  of 
human  health  against  the  ingestion  of 
contaminated  water  and  contaminated 
aquatic  organisms'.  The  calculated  value 
is  comparable  to  the  present  standard. 

For  this  reason  a  selective  criterion 
•  based  on  exposure  solely  from  .•  ^  .. 
consumption  of  6-5  grams  of  aquatic  . 
organisms  was  not  derived^  J- 

Silver  '1'-  V- &?{ 

Fresh  water  A  quo  tic  Life  *  ‘  ^ 

-For  freshwater  aquatic  life  the 
concentration  (in  pg/1)  of  total  *  . 

recoverable  silver  should  not  exceed  the  ' 
numerical  value  given  by  “e[1.72[ln  . ■}' 

(hardness)-8.52)J~  at  any  time.  For  :  - .  - 

example,  at  hardnesses  of  50. 1CKX200  . 
mg/1  as  CaCOr  the  concentration  of. 
total  recoverable  silver  should  not  7 
exceed  1-2.  4.1.  and  13  pg/1,  respectively, 
at  any  time.  The  available  data  indicate 
that  chronic  toxicity  to  freshwater  . 

aquatic  life  may  occur  at  concentrations  ' 

as  low  as  0.12  p-g/L  -  - -r-j av;  .-v 

.  Saltwater  Aquatic  Life 

For  saltwater  aquatic  life  the 
concentration  of  total  recoverable  silver  ' 
should  not  exceed  2-3  pg/1  at  any  time. 

No  data  are  available  concerning  the 
chronic  toxicity  of  silver  to  sensitive  ' 
saltwater  aquatic  Hfe^  i 

Human  Health  n.,-2.  ... 

The  ambient  water  quality  criterion 
for  silver  Is  recommended  to  be  *. 
identical  to  the  existing  drinking  water 
standard  which  is  50  pg/1.  Analysis  of 
the  toxic  effects  data  resulted  in  a  •  ’  •*• 
calculated  level  which  is  protective  of  ;  1 
human  health  against  the  ingesticn  of  *  . 

contaminated  water  and  contaminated  : 
aquatic  organisms.  The  calculated  value 
is  comparable  to  the  present  standard.  ■ 

For  tins  reason  a  selective  criterion  . 
based  on  exposure  solely  from  . 


consumption  of  8.5  grams  of  aquatic 
organisms  was  not  derived. 

Tetrachloroelhylene 

Freshwater  Aquatic  Life  *  • 

■  The  available  data  for 
tetrachloroelhylene  indicate  that  acute 
and  chronic  toxicity  to  freshwater 
aquatic  life  occur  at  concentrations  as 
'  low  as  5.280  and  840  pg/l  respectively, 

•  and  would  occur  at  lower 
concentrations  among  species  that  are 

'  -  more  sensitive  than  those  tested. 

' Saltwater  Aquatic  Life  '  ' 

The  available  data  for 
tetrachJoroethylene  indicate  that  acute 
and  chronic  toxicity  to  saltwater  aquatic 
life  occur  at  concentrations  low  as 
10.200  and  450  jig/L  respectively,  and 
would  occur  at  lowerconcentrations 
among  species  that  are  more  sensitive 
than  those  tested. 

■Human  Health  ’ 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
.effects  due  to  exposure  of 
.  tetrachloroelhylene  through  ingestion  of  . 
contaminated  water  and  contaminated  •- 
aquatic  organisms,  the  ambient  water 
'  concentration  should.be  zero  based  on 

•  the  non-threshold  assumption  for  this 

-  chemical  However,  zero  level  .may  not 
be  attainable  at  the  present  time. 

■  Therefore,  the  levels  which  may  result  in 
incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  10'*.  10'*. 

'  and  10“ T.  The  corresponding  criteria  are 
8  Mg/1.  .8  Mg/1.  and  .08  gig/l.  respectively. 
,^lf  the  above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
.  levels  are  88.5  pg/1  B.85  fig/],  and  .88 
pg/L  respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  by  nse  of  the  Guidelines.  The  - 
•risk  estimate  range  is  presented  for-  * . ' 
information  purposes  and  does  hot  - 
represent  an  Agency  judgment  on  an '  :• 
-^acceptable"  risk  IeveL.  '  .  - 

‘Thallium  .-  -  -  — _  V" 

Freshwater  Aquatic  Life*'  • 

The  available  data  for  thallium  '  '  " 
indicate  that  acute  and  chronic  toxicity 
to  freshwater  aquatic  life  occur  et  ■'  ./ 
concentrations  as  low  as  1,400  and  40  * 
Mg/I.  respectively,  and  would  occur  at  ' 
lower  concentrations  among  species 
thal  are  more  sensitive  than  those 
tested  Toxicity  to  one  species  of  fish 
occurs  at  concentrations  as  Jow  as  20 
.Mg/1  after  2.500  hours  of  exposure. 

Saltwater  Aquatic  Life  ,  . 

The  available  data  lor  thallium 
indicate  that  acute  toxicity  to  saltwater 


aquatic  life  occurs  at  concer.:: \cns  as 
low  as  2.130  Mg/1  and  would  ccur  at 
lower  concentrations  among  :  rcies 
that  are  more  sensitive  than  t.cse 
Jested.  No  data  are  available  interning 
_the  chronic  toxicity  of  thalliur  to 
sensitive  saltwater  aquatic  lit. 

Human  Health 

:  For  the  protection  of  humar.'.ealth 
from-the  toxic  properties  of  thilium 
.  ingested  through  water  and 
,  ’  contaminated  aquatic  organises,  the 
ambient  water  criterion  is  detimined  to 
be  13  Mg/h  '  . 

For  the  protection  of  human  ealth 
from  the  toxic  properties  of  th-niuco 
Ingested  through  contaminate!  quatic 
organisms  alone,  the  ambient  \cter 
criterion  is  determined  to  be  4£  ig/L 

Toluene  ' 

Freshwater  Aquatic  Life 

' .  The  available  data  for  toluen- 
indicate  that  acute  toxicity  to  frshwater 
aquatic  life  occurs  at  concentraions  as 
low  63,17, 500  Mg/1  and  would  onur  at 
lower  concentrations  among  sp-rces' 
that  are  more  sensitive  than  thoe 
tested  No  data  are  available  coiceming 
the  chronic  toxicity  of  toluene  tc 
sensitive  freshwater  aquatic  life 

Saltwater  Aquatic  Life 

^The  available  data  for  toluene 
indicate  that  acute  and  chronic  tixicity 
to  saltwater  aquatic  life  occur  at 
concentrations  as  low  as  8.300  ari  5X100 
Mg/1,  respectively,  and  would  ocmr  at 
lower  concentrations  among  speces 
that  are  more  sensitive  than  tbosr 
tested.  ‘ 


Human  Health 

For  the  protection  of  human  heath 
from  the  toxic  properties  of  toluen.* 
ingested  through  water  and 
contaminated  aquatic  organisms,  tie 
ambient  water  criterion  is  deterauied  to 
be  14.3  mg/L  . 

•  For  the  protection  of  human  heath 
from  the  toxic  properties  of  toluen*. 
ingested  through  contaminated  aqiatic 
organisms  alone,  the  ambient  watr 
criterion  is  determined  to  be  424  tni.'l. 

Toxapbene  ~  ’ 

Fresh  water  A  quo  tic  Life 

For  toxaphene  the  criterion  to  pr.iect 
freshwater  aquatic  life  as  derived  v  mg 
the  Guidelines  is  0.013  Mg/1  as  a  24-:ou r 
average  and  the  concentration  sho-d 
not  exceed  1.8  Mg/1  at  any  time. 

.  Saltwater  Aquatic  Life 

For  saltwater  aquatic  life  the 
concentration  of  toxaphene  should  :  :t 
exceed  O.CTO  Mg/I  *'  any  time  No  a  a 
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SUMMARY 


SNARLS 


Assumptions  i 


1.  Looking  at  sensitive  population* 

2.  Using  a  child  weighing  10  kg*  who  drinks  one  liter  of  water 

p*r  day*  . 


3.  Considering  only  toxic  effects. 


✓'Vx-ue^-i 


Compound 


Length  of  Exposure 


7’  days 


10  days  1  month  •  life*-tine 


75  ug/1 
40  ug/1 


1  mg/1 


trichloroethylene  2  mg/1  200  ug/1 

tetrachloroethylene  2.3  mg/1  vj-  180  ug/1 

1 , 1 , 1-trichloroethane 

benzene  350  ug/1 

polynuclear  aromatic  25  Ug/1 

hydrocarbons 


Cancer  Risks 
ABsumptionsi 

% 

1.  There  is  some  risk  at  any  level  of  exposure,  and  the  risk  increases 
as  lifetime  exposure  increases* 

% 

2.  Using  70  kg.  adult  living  70  years  who  drinks  two  liters  of  water 
per  day.  • 


Corr.oound 


Excess  Risk 

One  in  10-®  One  in  10-®  Two’  in'  10-^  Six  in  10-^ 


trichloroethylene 

tetrachloroethylene 


4T5"ug/l 
3.5  ug/1 


45  ug/1 
35  ug/1 


75  ug/1 


20  ug/1 


v.vvv.v.V. 


trt  lul'.t’it  cone*.—  mg  the  chronic 
toxicity  of  tcxaphene  to  sensitive 
salrwcter  aquatic  life.  • 

Hu  r.cn  Health 


the  non-thresho’d  assumption  for  this 
chemical.  However,  zero  level  may  not 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  result  In 
Incremental  Increase  of  cancer  risk  over 


exreed  the  numerical  v  .. ;  gn  cr.  by 
e < c-  o  i u  (Ur >1  *  *  **  £  s. v  t- rTi t  For 

example,  at  fcardnesse:  yx  KXt  a r.c 
200  mg/1  as  CaCO,  the  v:  centra  tic < 
total  recoverable  zinc  sr.-'J.i  not  exrt 


For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  toxaphene 
through  Ingestion  of  contaminated  water 
end  contaminated  aquatic  organisms, 
the  ambient  water  concentration  should 
be  zero  based  on  the  non-threshold 
assumption  for  this  chemical.  However, 
zero  level  may  not  Jbe  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  Increase  of 

cancer  risk  over  the  lifetime  are 
estimated  at  10  *,10  *, and  lO’-*.  The 
corresponding  criteria  ere  7.1  ng/l  -71  - 
ng/l  and  .07  ng/L  respectively.  If  the 
ebove  estimates  are  made  for 
consumption  of  aquatic  organisms  only,  - 
excluding  consumption  of  water,  the 
levels  are  7 3  ng/l  Ti  ng/L  and  .07  ng/l 
respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for  - 
information  purposes  and  does  not  : 
represent  an  Agency  judgment  on  an 
"acceptable"  risk  leveL  V  •.  - 


the  lifetime  are  estimated  at  10'*.  10'*, 
and  10*’.  The  corresponding  criteria  are 
27  pg/L  ZJ  pg/L  and  .27  pg/L 
respectively.  If  the  above  estimates  are 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consumption 
of  we  ter.  the  levels  are  607  p  g/l  80.7 
pg/L  and  6.07  pg/1.  respectively.  Other 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of 
tbe  Guidelines.  The  risk  estimate  range 
is  presented  for  Information  purposes  . 
and  does  not  represent  ah  Agency 
judgment  op  an  "acceptable''  risk  leveL 

\rmyl  Chloride 

Freshwater  Aquatic  Life 

■  No  freshwater  organisms  have  been 
tested  with  vinyl  chloride  and  no 
statement  can  be  made  concerning  ecrute 
or  chronic  toxicity.  ■  -  - 

Saltwater  Aquatic  Life  ~  ■  ■ 

xjsjo  saltwater  organisms  have  been 
tested  with  vinyl  chloride  end  no 
statement  can  be  made  concerning  acute 


Trichloroethylene 
Freshwater  Aquatic  Life^  /  /;  ; 

Tbe  available  data  for  “t  - 
trichloroethylene  indicate  that  acute  -  >, 
toxicity  to  freshwater  aquatic  life  occurs 
at  concentrations  as  low  as  45,000  pg/1 
and  would  occur  at  lower  .  r-. 

concentrations  among  species  that  are 
more  sensitive  than  those  tested.  Nd 
data  are  available  concerning  the  -  ■ 
chronic  toxicity  of  trichloroethylene  ta 
sensitive  freshwater  aquatic  life  but  . 
adverse  behavioral  effects  occurs  to  one 
species  at  concentrations  es  low  as 

21.900 pg/l-.  .  -  /  2  7 

Saltwater  Aquatic  Life  -  -^.r 

The  available  data  for  ■  '  •'  /'  ;  •; 

trichloroethylene  Indicate  that  acute' 
toxicity  to  ealtw  ater  aquatic  bfe' occurs  ' 
at  concentrations  as  low  as  2.000  pg/1 
end  would  occur  at  lower  •'  - 
concentrstions  among  spedes  that  are  ’ 
more  sensitive  than  thosa  tested.  No  __ 
data  are  svallable  concerning  the  -  r-' 
chronic  toxicity  of  trichloroethylene  to  „/ 
sensitive  saltwater  aquatic  life.  -  . 

Human  Health  .  — ■ .  .  ‘ 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  expose re  of  •  ■ 


.  or  chronic  toxidty.  .  . 

Human  Health  -  '  ; 

•  -  For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  vinyl  chloride 

,  through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
'-the  ambient  water  concentration  should 
.  be  zero  based  on  tbe  non-threshold  . 

assumption  for  this  chemical.  However. 

.  zero  level  may  not  be  attainable  at  the 
'  present  time.  Therefore,  the  levels  which 
may  result  In  incremental  increase  of 
cancer  risk  over  the  lifetime  are 
.  estimated  at  10*»  ltT*.  and  ltT’.  The  ‘  ' 

•  corresponding  criteria  are  20  pg/L  2-0  - 
pg/l  and  J2  pg/L  respectively.  If  the 

~  ebove  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 

.  excluding  consumption  of  water,  the  , 

,  levels  are  W46  pg/l  525  pg/l  and  52.5 
pg/L  respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  by  use  of  the  Guide-lines.  Tbe 
risk  estimate  range  is  presented  for 
information  purposes  and  does  cot  - 
:■  represent  an  Agency  Judgment  on  an 
"acceptable"  risk  leveL  '  - 

Zinc  i.  ~  '• 

Freshwater  Aquatic  Life 
For  lotal  recoverable  zinc  the  criterion 


180,  320,  and  570  pg/1  a'  xy  time. 
Saltwcter  Aquolic  Life 

For  total  recoverable  zee  the  cxiterii 
to  protect  saltwater  equal:  life  as 
derived  using  the  Guideicrs  is  58  pg/1 
es  a  24-hour  average  and  he 
concentration  should  not  aceed  170  pg 
1  at  any  time. 

Human  Health 

Sufficient  data  is  not  av liable  for 
zinc  to  derive  a  level  whiz,  would 
protect  against  the  poter.tii  toxicity  of 
this  u.  ap ound.  Using  avaiible 
organoleptic  data,  for  contniiing 
undesirable  taste  aDd  odo.  reality  of 
ambient  water,  the  estimat-i  level  is  5 
mg/1.  It  should  be  recognixi  that 
organoleptic  data  es  a  basi  for 
•  establishing  a  water  qualit;  xiteria 
have  limitations  and  have  rut 
demonstrated  relationship  ti  potential 
adverse  human  health  effecs. 

Appendix  B — Guidelines  fo  Deriving 
Water  Quality  Criteria  for  tii  Protection 
of  Aquatic  Life  and  Its  Uses 

Introduction 

This  version  of  the  Gnidelnes 
provides  clarifications,  additional, 
details,  and  technical  and  ediorial 
changes  In  the  Jast  version  published  in 
the  Federal  Register  [44  FR  15f70  [March 
15. 1079}].  This  version  lncon  .rates 
changes  resulting  from  communis  cn 
previous  versions  and  from  einerience 
gained  during  U.S.  EPA's  use  si  the 
previous  versions.  Future  versons  of  the 
Guidelines  will  incorporate  nrv  ideas 
and  data  as  their  usefulness  it 
demonstrated. 

Criteria  may  be  expressed  ir  several 
forms.  The  numerical  form  is  ccrnrnonly 
used,  but  descriptive  and  procerural 
forms  can  be  used  if  numerical  .-riteria 
are  not  possible  or  desirable.  T:e 
purpose  of  these  Guidelines  is  t: 
describe  an  objective,  internal).’ 
consistent  and  appropriate  way  of 
deriving  numerical  water  qua!:*;  criteria 
for  the  protection  of  the  uses  of  is  well 
as  the  presence  of.  aquatic  orgai-srns. 

A  numerical  criterion  might  be 
thought  of  as  an  estimate  of  the  chest 
concentration  of  a  substance  in  »  ater 
which  does  not  present  a  sigr.if;:.:r.t  risk 
to  the  aquatic  organisms  in  the  »  .ter 
and  their  uses.  Thus  the  Guudeii:  ro  ere 


trichloroethylene  through  ingestion  of 
contammaltd  water  and  contaminated 
aquatic  organisms,  the  ambient  water 
concentration  sbcc-'d  be  zero  based  on 


to  protect  freshwater  aquatic  life  as 
derived  using  the  Guidelines  is  47  pg/l 
as  a  2 4- hour  average  and  the 
concentration  [in  pg/1)  should  not 


intended  to  derive  crilerie  whici  s  1 1 
protect  aquatic  communities  by 
protecting  most  of  the  species  an:  their 
uses  most  of  tbe  time,  bnt  net 
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Draft  SNARLS  {not^to  be  released) 

Assumptions! 

1 .  Looking  at  sensitive  population. 

2.  Using  a  child  weighing  10  kg.  who  drinks  one  liter  of  water 
per  day. 

3.  Considering  only  toxic  effects.  . 


Compound 


methylene  chloride  13  mg/1 


carbon  tetrachloride  .  200  ug/1 


toluene 


methyl  ethyl  ketone 


acrylonitrile 
polychlorinated  biphenyls 
dibromochloropropane 
1 ,4-dioxane 


xylenes  12  mg/1 


chlordane  63  ug/1 


1,1  Dlchloroethylene  1.0  mg/1 
Trans- 1,2  Dlchloroethylene  2.7  mg/1 
Cis-1,2  Dlchloroethylene  4.0  mg/1 


Length  of  Exposure 


7  days  10  days  1' month 


life-tine 


Ethylene  Glycol 


19  mg/1 


1.3-1. 5  mg/1 
20  ug/1 
Cy~ mg/1  * 


1  mg/1 


35  ug/1  3  ug/1 


1  ug/1 


20  ug/1 


1.4  mg/1 


63  ug/1 


0.27  mg/1 
0.40  mg/1 


150  ug'l  £'/  .j 


0.3  t;/l 


0.05  -g/1 


620  ug/1 
8  ugA 


70  ug/1 
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METHOD  9020 


TOTAL  ORGANIC  HALIDES 


Scope  and  Application 


1.1  Method  9020  determines  Total  Organic  Halides  (TOX)  as  Cl"  in 
drinking  and  ground  waters.  The  method  uses  carbon  adsorption  with  a 
microcoulometric-titration  detector.  It  requires  that  all  samples  be  run  in 
duplicate.  Under  conditions  of  duplicate  analysis,  the  reliable  limit  of 
sensitivity  is  5  pg/1 . 


1.2  Method  9020  detects  all  organic  halides  containing  chlorine,  bromine 
and  iodine  that  are  adsorbed  by  granular  activated  carbon  under  the  conditions 
of  the  method.  Fluorine-containing  species  are  not  determined  by  this  method. 

1.3  Method  9020  is  applicable  to  samples  whose  inorganic-halide  concen¬ 
tration  does  not  exceed  the  organic-halide  concentration  by  more  than  20,000 
times. 


1.4  Method  9020  is  restricted  to  use  by,  or  under  the  supervision  of, 
analysts  experienced  in  the  operation  of  a  pyrolysis/microcoulometer  and  in 
the  interpretation  of  the  results. 


1.5  This  method  is  provided  as  a  recommended  procedure.  It  may  be  used 
as  a  reference  for  comparing  the  suitability  of  other  methods  thought  to  be 
appropriate  for  measurement  of  TOX  ( i . e. ,  by  comparison  of  sensitivity, 
accuracy,  and  precision  data). 


Summary  of  Method 


2.1  A  sample  of  water  that  has  been  protected  against  the  loss  of 
volatiles  by  the  elimination  of  headspace  in  the  sampling  container,  and  that 
is  free  of  undissolved  solids,  is  passed  through  a  column  containing  40  mg  of 
activated  carbon.  The  column  is  washed  to  remove  any  trapped  inorganic 
halides,  and  is  then  analyzed  to  convert  the  adsorbed  organohal i des  to  a 
titratable  species  that  can  be  measured  by  a  microcoulometric  detector. 


3.0  Interferences 

3.1  Method  interferences  may  be  caused  by  contami nants ,  reagents, 
glassware,  and  other  sample  processing  hardware.  All  these  materials  must  be 


2  /  MISCELLANEOUS  ANALYTICAL  METHODS 


«_ 

tv 

fcv:#/: 


routinely  demonstrated  to  be  free  from  interferences  under  the  conditions  of 
tne  analysis  by  running  method  blanks. 

3.1.1  Glassware  must  be  scrupulously  cleaned.  Clean  all  glassware 
as  soon  as  possible  after  use  by  treating  with  chromate  cleaning  solution. 
This  should  be  followed  by  detergent  washing  in  hot  water.  Rinse  with 
tap  water  and  distilled  water,  drain  dry,  and  heat  in  a  muffle  furnace  at 
400’  C  for  15  to  30  min.  Volumetric  ware  should  not  be  heated  in  a  muffle 
furnace.  Glassware  should  be  sealed  and  stored  in  a  clean  environment  after 
drying  and  cooling  to  prevent  any  accumulation  of  dust  or  other  contaminants. 

3.1.2  The  use  of  high  purity  reagents  and  gases  helps  to  minimize 
interference  problems. 

3.2  Purity  of  the  activated  carbon  must  be  verified  before  use.  Only 
carbon  samples  that  register  less  than  1000  ng/40  mg  should  be  used.  The 
stock  of  activated  carbon  should  be  stored  in  its  granular  form  in  a  glass 
container  with  a  Teflon  seal.  Exposure  to  the  air  must  be  minimized, 
especially  during  and  after  milling  and  sieving  the  activated  carbon.  No 
more  than  a  two-week  supply  should  be  prepared  in  advance.  Protect  carbon  at 
all  times  from  all  sources  of  halogenated  organic  vapors.  Store  prepared 
carbon  and  packed  columns  in  glass  containers  with  Teflon  seals. 


4.0  Apparatus  and  Materials 
4.1  Adsorption  system 

4.1.1  Dohrmann  adsorption  module  (AD-2),  or  equivalent,  pressurized, 
sample  and  nitrate-wash  reservoirs. 

4.1.2  Adsorption  columns:  Pyrex,  5-cm-long  x  6-mm-O.D.  x  2-mm-I.D. 

4.2.3  Granular  activated  carbon  (GAC):  Fi ltrasorb-400,  Calgon-APC 
or  equivalent,  ground  or  milled,  and  screened  to  a  100/200  mesh  range. 

Upon  combustion  of  40  mg  of  GAC,  the  apparent-halide  background  should 
be  1000  mg  Cl-  equivalent  or  less. 

4.1.4  Cerafelt  (available  from  Johns-Manvi 1 le ) ,  or  equivalent: 

Form  this  material  into  plugs  using  a  2-mm-I.D.  stainless-steel  borer 
with  ejection  rod  (available  from  Dohrmann)  to  hold  40  mg  of  GAC  in  the 
adsorption  columns.  CAUTION:  Do  not  touch  this  material  with  your 
fingers. 

4.1.5  Column  holders  (available  from  Dohrmann). 

4.1.6  Volumetric  flasks:  100-ml ,  50-ml .  A  general  schematic 
of  the  adsorption  system  is  shown  in  Figure  1. 
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4.2  Dohrmann  microcoulornetric-titration  system  (MCTS-20  or  DX-20),  or 
equivalent,  containing  the  following  components: 

4.2.1  Boat  sampler. 

4.2.2  Pyrolysis  furnace. 

4.2.3  Mi crocoul ometer  with  integrator. 

4.2.4  Titration  cell:  A  general  description  of  the  analytical 

system  is  shown  in  Figure  2. 

4.3  Strip  chart  recorder. 

5.0  Reagents 

5.1  Sodium  sulfite:  0.1  M,  ACS  reagent  grade  (12.6  g/liter). 

5.2  Nitric  acid:  Concentrated. 

5.3  Nitrate-wash  solution  (5000  mg  N03'/l ) :  Prepare  a  nitrate-wash 
solution  by  transferring  approximately  8.2  g  of  potassium  nitrate  into  a  1-liter 
volumetric  flask  and  diluting  to  volume  with  reagent  water. 

5.4  Carbon  dioxide:  Gas,  99.9%  purity. 

5.5  Oxygen:  99.9%  purity. 

5.6  Nitrogen:  Prepurified. 

5.7  70%  acetic  acid  in  water:  Dilute  7  volumes  of  acetic  acid  with  3 
volumes  of  water. 

5.8  Trichl orophenol  solution,  stock  (1  pi  =  10  pg  Cl"):  Prepare  a 

stock  solution  by  weighing  accurately  1.856  g  of  trichlorophenol  into  a 
100-ml  volumetric  flask.  Dilute  to  volume  with  methanol.  .■  -  *>' 

5.9  Trichlorophenol  solution,  calibration  (1  pi  =  500  ng  Cl'): 

Dilute  5  ml  of  the  trichlorophenol  stock  solution  to  100  ml  with  methanol. 

5.10  Trichlorophenol  standard, ^instrument -calibration:  First,  nitrate- 
wash  a  single  column  packed  with  40  mg  of  activated  carbon  as  instructed  for 
sample  analysis,  and  then  inject  the  column  with  10  pi  of  the  calibration 
solution. 

5.11  Trichlorophenol  standard,  adsorption-efficiency  (100  pg  Cl '/I  iter): 
Prepare  an  adsorption-eff iciency  standard  by  injecting  10  pi  of  stock  solution 
into  1  liter  of  reagent  water. 
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5.12  Reagent  water:  Reagent  water  is  defined  as  a  water  in  which 

an  interferent  is  not  observed  at  the  method  detection  limit  of  each  parameter 
of  interest. 

5.13  Blank  standard:  The  reagent  water  used  to  prepare  the  calibration 
standard  should  be  used  as  the  blank  standard. 


6 . 0  Sample  Collection,  Preservation,  and  Handling 

6.1  All  samples  must  have  been  collected  using  a  sampling  plan  that 
addresses  the  considerations  discussed  in  Section  One  of  this  manual. 

6.2  All  samples  should  be  collected  in  bottles  with  teflon  septa 
(e.g..  Pierce  #12722  or  equivalent)  and  be  protected  from  light.  If  this  is 
not  possible,  use  amber  glass,  250-ml,  fitted  with  teflon-lined  caps.  Foil 
may  be  substituted  for  teflon  if  the  sample  is  not  corrosive.  Samples  must 
be  protected  against  loss  of  volatiles  by  eliminating  headspace  in  the 
container.  If  amber  bottles  are  not  available,  protect  samples  from  light. 
The  container  must  be  washed  and  muffled  at  400*  C  before  use,  to  minimize 
contami nation. 

6.3  All  glassware  must  be  dried  prior  to  use  according  to  the  method 
discussed  in  3.1.1. 


7.0  Procedure 


7.1  Sample  preparation 

7.1.1  Special  care  should  be  taken  in  handling  the  sample  in  order 
to  minimize  the  loss  of  volatile  organohal ides.  The  adsorption  procedure 
should  be  performed  simultaneously  on  duplicates. 

7.1.2  Reduce  residual  chlorine  by  adding  sulfite  (1  ml  of  0.1  M 
per  liter  of  sample).  Sulfite  should  be  added  at  the  time  of  sampling 
if  the  analysis  is  meant  to  determine  the  TOX  concentration  at  the  time 
of  sampling.  It  should  be  recognized  that  TOX  may  increase  on  storage 
of  the  sample.  Samples  should  be  stored  at  4*  C  without  headspace. 

7.1.3  Adjust  the  pH  of  the  sample  to  approximately  2  with  concen¬ 
trated  HNO3  just  prior  to  adding  the  sample  to  the  reservoir. 

7.2  Calibration 

7.2.1  Check  the  adsorption  efficiency  of  each  newly-prepared  batch 
of  carbon  by  analyzing  100  ml  of  the  adsorption-efficiency  standard,  in 
duplicate,  along  with  duplicates  of  the  blank  standard.  The  net  recover 
should  be  within  5%  of  the  standard  value. 
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7.2.2  Nitrate-wash  blanks  (method  blanks):  Establish  the 
repeatability  of  the  method  background  each  day  by  first  analyzing 
several  nitrate-wash  blanks.  Monitor  this  background  by  spacing  nitrate- 
wash  blanks  between  each  group  of  eight  pyrolysis  determinations.  The 
nitrate-wash  blank  values  are  obtained  on  single  columns  packed  with 

40  mg  of  activated  carbon.  Wash  with  the  nitrate  solution  as  instructed 
for  sample  analysis,  and  then  pyrolyze  the  carbon. 

7.2.3  Pyrolyze  duplicate  instrument -cal i bration  standards  and  the 
blank  standard  each  day  before  beginning  sample  analysis.  The  net 
response  to  the  calibration-standard  should  be  within  3%  of  the 

cal ibration-standard  value.  Repeat  analysis  of  the  instrument -calibration 
standard  after  each  group  of  eight  pyrolysis  determinations,  and  before 
resuming  sample  analysis  after  cleaning  or  reconditioning  the  titration 
cell  or  pyrolysis  system. 

7.3  Adsorption  procedure 

7.3.1  Connect  two  columns  in  series,  each  containing  40  mg  of 
100/200-mesh  activated  carbon. 

7.3.2  Fill  the  sample  reservoir,  and  pass  a  metered  amount  of 
sample  through  the  activated-carbon  columns  at  a  rate  of  approximately 

3  ml /min.  NOTE:  100  ml  of  sample  is  the  preferred  volume  for  concentra¬ 
tions  of  T0X  between  5  and  500  yg/1 ;  50  ml  for  501  to  1000  pg/1 ,  and  25 
ml  for  1001  to  2000  pg/1 . 

7.3.3  Wash  the  columns-in-series  with  2  ml  of  the  5000-mg/l 
nitrate  solution  at  a  rate  of  approximately  2  ml/min  to  displace  inorganic 
chloride  ions. 

7.4  Pyrolysis  procedure 

7.4.1  The  contents  of  each  column  are  pyrolyzed  separately.  After 
rinsing  with  the  nitrate  solution,  the  columns  should  be  protected  from 
the  atmosphere  and  other  sources  of  contamination  until  ready  for 
further  analysis. 

7.4.2  Pyrolysis  of  the  sample  is  accomplished  in  two  stages.  The 
volatile  components  are  pyrolyzed  in  a  CO^-rich  atmosphere  at  a  low 
temperature  to  ensure  the  conversion  of  brominated  trihalomethanes  to 

a  titratable  species.  The  less  volatile  components  are  then  pyrolyzed 
at  a  high  temperature  in  an  02-rich  atmosphere.  NOTE:  The  quartz 
sampling  boat  should  have  been  previously  muffled  at  800*  C  for  at  least 
2  to  4  min  as  in  a  previous  analysis,  and  should  be  cleaned  of  any 
residue  by  vacuuming. 

7.4.3  Transfer  the  contents  of  each  column  to  the  quartz  boat  for 
individual  analysis. 
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7.4.4  If  the  Dohrmann  MC-1  is  used  for  pyrolysis,  manual  instructions 
are  followed  for  gas  flow  regulation.  If  the  MCTS-20  is  used,  the 
information  on  the  diagram  in  Figure  3  is  used  for  gas  flow  regulation. 

7.4.5  Position  the  sample  for  2  min  in  the  200*  C  zone  of  the 
pyrolysis  tube.  For  the  MCTS-20,  the  boat  is  positioned  just  outside 
the  furnace  entrance. 

7.4.6  After  2  min,  advance  the  boat  into  the  800*  C  zone  (center) 
of  the  pyrolysis  furnace.  This  second  and  final  stage  of  pyrolysis  may 
require  from  6  to  10  min  to  complete. 

7.5  Detection:  The  effluent  gases  are  directly  analyzed  in  the  micro- 
coul onetri c -tit ration  cell.  Carefully  follow  manual  instructions  for  optimizing 
cell  performance. 

7.6  Breakthrough.  The  unpredictable  nature  of  the  background  bias 
makes  it  especially  difficult  to  recognize  the  extent  of  breakthrough  of 
organohal i des  from  one  column  to  another.  All  second-column  measurements  for 
a  properly  operating  system  should  not  exceed  10%  of  the  two-column  total 
measurement.  If  the  10%  figure  is  exceeded,  one  of  three  events  can  be 
happening.  Either  (1)  the  first  column  was  overloaded  and  a  legitimate 
measure  of  breakthrough  was  obtained,  in  which  case  taking  a  smaller  sample 
may  be  necessary;  or  (2)  channeling  or  some  other  failure  occurred,  in  which 
case  the  sample  may  need  to  be  rerun;  or  (3)  a  high  random  bias  occurred  and 
the  result  should  be  rejected  and  the  sample  rerun.  Because  it  may  not  be 
possible  to  determine  which  event  occurred,  a  sample  analysis  should  be 
repeated  often  enough  to  gain  confidence  in  results.  As  a  general  rule,  any 
analysis  that  is  rejected  should  be  repeated  whenever  sample  is  available. 

If  the  second-column  measurement  is  equal  to  or  less  than  the  nitrate-wash 
blank  value,  the  second-column  value  should  be  disregarded. 

7.7  Calculations:  T0X  as  Cl"  is  calculated  using  the  following 
fonnul  a : 


(C  -C3)  +  (Co  -CJ 

- - - =  ^g/i  Total  Organic  Halide 

where : 

Ci  =  pg  Cl"  on  the  first  column  in  series 

C2  =  M9  Cl"  on  the  second  column  in  series 

C3  =  predetermined,  daily,  average,  method-blank  value 
(nitrate-wash  blank  for  a  40-mg  carbon  column) 

V  =  the  sample  volume  in  liters. 
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8.0  Quality  Control 


8.1  All  quality  control  data  should  be  maintained  and  available  for 
easy  reference  or  inspection. 

8.2  Before  performing  any  analyses,  the  analyst  must  demonstrate  the 
ability  to  generate  acceptable  accuracy  and  precision  with  this  procedure  by 
analyzing  appropriate  quality-control  check  samples. 

8.3  The  laboratory  must  develop  and  maintain  a  statement  of  method 
accuracy  for  their  laboratory.  The  laboratory  should  update  the  accuracy 
statement  regularly  as  new  recovery  measurements  are  made. 

8.4  Employ  a  minimum  of  one  blank  per  sample  batch  to  determine  if 
contamination  or  any  memory  effects  are  occurring. 

8.5  Run  check  standard  after  approximately  every  15  samples. 

8.6  Run  one  duplicate  sample  for  every  10  samples.  A  duplicate  sample 
is  a  sample  brought  through  the  whole  sample  preparations  process. 

8.7  It  is  recommended  that  the  laboratory  adopt  additional  quality- 
assurance  practices  for  use  with  this  method.  The  specific  practices  that 
would  be  most  productive  will  depend  upon  the  needs  of  the  laboratory  and  the 
nature  of  the  samples.  Field  duplicates  may  be  analyzed  to  monitor  the 
precision  of  the  sampling  technique.  Whenever  possible,  the  laboratory 

' houl d  perform  analysis  of  standard  reference  materials  and  participate  in 
relevant  performance-evaluation  studies. 
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